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is, Autiact xhis report describes an evapotranspiration (ET) and 
growth model for winter wheat. The inputs are daily solar 
radiation, maximum temperature, minimum temperature , precipitatioi 
irrigation and leaf area index (LAI). The meteorological data 
are obtained from National Weather Service while LAI is obtained 
from Landsat multispectral scanner (MSS). The output provides 
daily estimates of potential evapotranspiration, transpiration, 
evaporation, soil moisture (50 cm depth), percentage depletion, 
net photosynthesis and dry matter production. Winter wheat 
yields are correlated with transpiration and dry matter 
accumulation. 
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PREFACE 


The objective of this study is to (1) develop an evapotranspiration 
(ET) model for winter wheat; (2) develop a relationship between Landsat 
data and leaf area index; (3) develop a growth model for winter wheat; 
and (4) develop a yield model using ET and growth models. 

Field data were gathered from commercial fields and plots in 
Riley, Ellsworth , Finney and Thomas counties in Kansas. Data included 
leaf area index, soil moisture, growth stage, and yield. 

Evapotranspiration and growth models required inputs of solar 
radiation, maximum temperature, minimum temperature, precipitation, 
and leaf area index. Meteorological data were obtained from National 
Weather Service. Leaf area indices were obtained from Landsat computer 
compatible tapes. Yields were estimated from the ET model; however, 
further testing and evaluation of the yield model are required. 
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1.0 Introduction 

This report summarizes the work completed under NASA Contract 
NAS9-14899. The first part of the report consolidates the evapotranspir- 
ation and growth models while the second section is divided into four 
appendices. Each appendix is independent and constitutes a detailed 
report on a particular aspect of the overall study. 

We would like to acknowledge Dr. Arlin Feyerherm for estimating winter 
wheat yields with his yield model (Chapter 4.0). 

2.0 Evapo transpiration (ET) Model 

2*1 Model Development 

The daily inputs into the model are solar radiation, maximum-minimum 
temperature, precipitation and leaf area index (LAI) . Fig. 1 schematically 
shows the inputs. Potentially, meteorological satellites may be used to 
estimate solar radiation, temperature, and precipitation in areas where 
weather data are not available. Landsat data can be used to estimate LAI. 

The evapotranspiration model described by Kanemasu et al. (1976) 
requires both soil and crop factors to estimate maximum evapo- 

transpiration (ET ) and transpiration. ET —the energy-limited ET 
max max 

occurring from a well-watered surface under nonadvective conditions — Is 
given by Priestley and Taylor (1972) as 

ET = d [s/(s Y)]R [2.1] 

max ■ \ n 1 * 

where d is a constant for a particular crop and climatic situation; Y is 

the psy chrome ter constant (mb/ °K); s is the slope of the saturation vapor 

pressure curve (mb/°K) at mean temperature; and is the 24-hr net 

radiation (mm/day). We evaluated a from lysimetric observations during 

periods of full canopy cover and wet soil surface (a = 1.35). When R n 

was not measured, we estimated it from solar radiation, R (mm day **^), using 

s 




EVAPOTRANSPIR ATION MODEL i GROWTH MODEL 





Fig. 1. Flow diagram of evapo transpiration (ET) and growth 
models. Potential use of meteorological satellites 
are shown. Winter wheat yields are predicted from 
ET and dry matter production estimates . 
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the regression equations: 


R = .959 R - 3.61 
n s 


[ 2 . 2 ] 


and 


R = .926 R - 2.70 [2.3] 

n s 

where [2.2] was developed for growth stages up to jointing and for the 
remainder of the season [2.3], 

Evaporation from the soil surface is limited by energy supplied 

during the constant rate stage; therefore, an energy transmittance term 

t 

( t) , based on leaf area index, is required. The daily evaporation rate 
during the constant rate stage can be estimated by 


where t = exp(-.737 LAI). Equation [2,4jwas used until EE q = U. Then the 
evaporation was calculated according to the falling rate phase equation 

E f = ct 1/2 - c(t-l) 1/2 [2.5] 

- 1/2 

where c(mm day ) depends upon the hydraulic properties of the soil and 
t is days after stage 1 evaporation. The soil factors U and c were 
obtained from lysimetric observations on bare soil or from weight changes 
from large soil-filled containers. 

Transpiration was estimated by equations of the form given by Tanner 
and Jury (1976) and Kanemasu et al. (1976). When the available moisture 
content in the root zone was greater than 35% of field capacity, we used 


T ® o^CI-t) [s/(s 4* y)]R n 

crop cover < 50% [2.6] 

and 

T = (ot-x)[s/(s +y)]R 

n 

crop cover > 50% 


[2.7] 


4 


where a y - 1.56. 

When the available soil moisture (0 ) was less than 35% of the maximum 

cl 


available moisture (0 ) , equations |2.6| and | 2 . 7 1 were mull iplied by 

max i ■ * 

K , given by 
s 


K = 0 / . 35(0 ) 

s a max 


[ 2 . 8 ] 


Therefore, at 0 less than .35 0 transpiration was linearly reduced as 

cl ITlclX 

the available water decreased (Fig. 2). The maximum available water content 
of a soil should be determined in the field. 

Soil moisture in the root zone (0-150 cm) was estimated from a water 
balance of evapo transpiration, precipitation, runoff, and drainage. Runoff 
was estimated according to the amount of rainfall (R) and moisture content 
in the surface 30 cm: 

Runoff =0 R < 2.5 cm [2.9a] 

Runoff = R* 75 R > 2.5 era [2.9b] 

where R is the rainfall in inches. The surface 30 cm was allowed to hold 
15 cm of water. Therefore, the rainfall could fill the 30 cm layer to 50% 
by volume, then the remaining rain must be runoff. The soil profile was 
divided into S layers (5, 25, 30, 30, and 60 cm) and each layer was 
allowed to hold 50% water for two days before draining to field capacity 
(obtained from field measurements). The amount of water drained from the 
/th layer (below iSo cm) was identified as drainage. 

2.2 Procedure 

The evapo transpiration (ET) model was tested on several fields over 
a two year period at Manhattan, Kansas. Daily estimates by the model were 
compared with lysimetric observations. Leaf area index (LAI) was measured 
by optical planimeter and/or leaf length and width calculations. Soil 
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Fig. 2. Water stress factor (Ks) as a function of available 
water In the root zone. Ks linearly declines at 
35% available water. 
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moisture estimates by the model compared favorably with neutron attenuation 
and gravimetric estimates (Appendix A) . 

LAI obtained from ground measurements are extremely tedious. Landsat 
data were used in the ET model by estimating LAI. Multiple regression 
equation was developed from Landsat coverage of Kansas sites (Colby , 
Ellsworth and Manhattan, Table I). Shown in Fig. 3 is the comparison of 
Landsat-predicted LAI with observed LAI. Figs. 4 and 5 show the season 
trends in observed and Landsat-predicted LAI. When Landsat predicted LAI 
curves were used in the ET model instead of observed LAI, seasonal ET 
estimates by Landsat were usually within 3.0 cm of the ET estimates from 
observed LAI measurements (Appendix A) . 

3.0 Soil Moisture Estimates from ET Model 

For the 1975-76 winter wheat growing season, we obtained sample 
statistics for 22 sample segments in five Great Plains states (Kansas, Texas 
Oklahoma, Nebraska, and Colorado). Analyst interpreters selected several 
wheat fields in each segment (4 to 20 fields). Landsat data were analyzed 
for each useable overpass date on all fields. For each date, leaf area 
index was estimted for each field and then averaged to obtain an average LAI 
for the segment (Figs. 6 and 7). The ET model was run on each segment and 
estimates of soil water depletion (higher percent depletions are drier) 
throughout the growing season are predicted (Figs. 8, 9, 10). Further 
details are given in Appendix B. • 

4.0 Yield Estimates from ET Model 

A yield model was developed from small plot yields and the output from 
the ET model. 

Yield(metrJc tons/ha) = 0.192 [e(T/ET __„)]?*^^* 

max j. 

' £ < t/e w ] “' 104 ' ""vr* [4 - i! 
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Table 1. Computer compatible tapes from Landsat multispectral 
used in data analysis. 


TAPES JSED 


AREA 

DATE 

TAPE I/D. # 

Colby 

8/20/75 

5123-16310 


8/29/75 

2219-16442 


9/07/75 

5141-16300 


9/25/75 

5159-16285 


10/22/75 

2273-16440 


1/11/76 

5267-16221 


2/25/76 

2399-16421 


4/01/76 

2435-16410 


4/10/76 

5357-16161 


6/02/76 

5410-16065 


6/03/76 

5411-16123 


6/12/76 

2507-16391 


6/20/76 

5428-16053 


6/30/76 

2525-16384 


7/09/76 

5447-16095 


9/10/76 

2597-16364 


10/16/76 

2633-16353 


11/21/76 

2669-16341 


AREA DATE TAPE I.D. # 

Manhattan 10/20/73 1454-16374 

3/31/74 1616-16344 

4/18/74 1634-16341 

5/24/74 1670-16331 

6/29/74 1706-16320 

7/17/74 1724-16313 

8/04/74 1742-16305 

9/09/74 1778-16293 

10/15/74 1814-16283 

11/20/74 1850-16272 

12/07/74 1867-16205 

3/25/75 1975-16161 

4/12/75 1993-16152 

4/30/75 5011-16142 

5/18/75 5029-16133 

6/06/75 5048-16181 

6/24/75 5066-16171 

S 8/16/75 5119-16082 

11/15/75 5210-16083 

12/03/75 5228-16073 

4/16/76 2540-16232 

5/04/76 2468-16225 

6/09/76 2504-16220 

6/17/76 5425-15483 

7/06/76 5444-15525 

9/06/76 2593-16135 

9/24/76 2611-16131 

10/12/76 2629-16124 

10/13/76 2630-16182 


IN DATA ANALYSIS 

AREA DATE 

Ellsworth 9/23/75 
10/02/75 
10/11/75 
10/20/75 
10/29/75 
11/07/75 
11/16/75 
1/18/76 
3/12/76 
3/21/76 
3/30/76 
6/01/76 
6/1C/76 
7/07/76 
10/14/76 
11/01/76 
11/19/76 
12/25/76 


AREA DATE 


Manhattan 10/31/76 
11/17/76 
11/18/76 
12/24/76 


scanner 


TAPE I.D. # 

5157-16173 

2253-16324 

5175-16163 

2271-16323 

5193-16152 

2289-16322 

521J-16141 

2361-16313 

2415-16301 

5337-16061 

2433-16294 

5409-16011 

2505-16274 

5445-15583 

2631-16240 

2649-16233 

2667-16224 

2703-16211 


TAPE I.D. # 

2648-16174 

2665-16112 

2666-16170 

2702-16153 
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Seasonal trends in observed leaf area index (LAI) 
in Finney County (solid line) ; square symbols 
indicate Landsat-predicted LAI. 
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Seasonal trends in observed leaf area index (LAI) 
in Ellsworth County (solid line) ; square symbols 
indicate Landsat-predicted LAI . 














Fig. 9. Seasonal trends in soil water depletion in Kearney 
County, Kansas, 1975-1976. 
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Fig. 10. Seasonal trends in soil water depletion in Stevens 
County , Kansas , 1975-1976. 
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where the subscripts 1, 2, and 3 are the respective growth stage intervals: 
emergence to jointing, jointing to heading, and heading to soft dough; T 
is the daily transpiration rate; ET is the energy-limiting evapo- 
transpiration rate. Therefore, the yield model can be used on any field 
where the ET model can be applied. 

Eleven wheat fields at Bushland, Texas presented an independent data 
set. Landsat and yield data were available (personnal communication with 
Dr. Clif Harlan, Texas A & M). The ET model was run using meteorological 
data and Landsat-predicted LAI. Yields were predicted from [4.1] and 
compared with observed yields (Fig. 11). 

The soil moisture study over the 5 Great Plains states offered 
another data set; however, yields for individual fields were not measured. 
County yields were available from the Statistical Reporting Service (SRS) . 
In addition, Feyerherm's KSU winter wheat model was run on the same data 
assuming a management and productivity (MAP) factor of 1 and summer fallow 
conditions. The root mean square error (RMSE) between the county yield 
and the ET yield model (eq. [4.1]) was 2.0 bu/acre while the RMSE between 
Feyerherm's yield model and the ET yield model was 1.5 bu/acre. Figs. 

12, 13, and 14 show the comparison between the various yield estimates. 


5.0 Growth Model 

As shown in Fig. 1, the growth model uses the identical inputs as 
the ET model — solar radiation, max-min temperature, precipitation, and 
LAI. The major assumption in the growth model is that light and soil 
moisture are the primary limiting factors in plant growth. Other factors 
such as fertility, pest and disease influence growth and are reflected in 
the LAI term. 

Photosynthesis is estimated from the amount of light that the canopy 


intercepts which is dependent upon the solar radiation and LAI. 


Soil 




PREDICTED SEGMENT YIELD (mt/ha) 



Fig. 12, Comparison between yields estimated by evapo 
transpiration-yield model and county yields. 



ET MODEL YIELD (bu/ocre) 



Fig. 13. Compairson between yields estimated by evapo- 


transpiration-yield model and Feyerherm’s yield 
model. Management and productivity factor (MAP) 
set equal to one. 


COUNTY YIELD (bu/acre} 



FEYERHERM’S MODEL YIELD (bu/acre) 


Fig. 14. Compairson between county yields and Feyerherm's 
yield model. Management and productivity factor 
(MAP) set equal to one and summer fallow conditions 
are assumed. 
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moisture decreases photosynthesis during high water depletion periods. 
Respiration is dependent upon LAI and temperature. The difference between 
photosynthesis and respiration is net photosynthesis which is the rate of 
dry matter production (Appendix C) . The growth model simulated dry matter 
production on commercial fields in western, central and eastern Kansas 
using measured LAI. Fig. 15 shows the agreement in dry matter production 
estimated by the growth model using Landsat-predicted LAI and observed 
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USING LANDSAT DATA TO ESTIMATE 
EVA POT RA NS PI RAT ION OF WINTER WHEAT 

ABSTRACT 

An evapotranspiration (ET) model that accurately estimates daily 
water use and soil moisture on a regional basis is required for many 
agricultural and hydrological studies. The model should use meteorological 
data that are readily available and crop information that is responsive 
to the changing vigor of the plants. 

We evaluated an ET model with a weighing lysimeter and then applied 
it to winter wheat fields at four Kansas locations. Model inputs are 
solar radiation, temperature, precipitation, and leaf area index (LAI); 
included in the outputs are estimates of transpiration, evaporation, and 
soil moisture. An equation was developed to estimate LAI from Land sat 
data. Because LAI can be estimated from satellites, the ET model poten- 
tially can be used on a regional basis. 


INTRODUCTION 

An Important factor influencing wheat growth and grain yield is soil 
water availability. Daily or short-term evapotranspiration (ET) rates 
are desirable to predict grain production (Jensen, 1968). Several ET 
models have been proposed (Jensen, 1973; Baier and Robertson, 1966; 
Richie, 1972; Tanner and Jury, 1976); they possess various degrees of 
complexity as to input data. When applied on a regional basis, many 
models are not acceptable because of meteorological data required. Data 
requirements become more severe when models are applied to countries 
or locations in which networks of meteorological data are minimal. There 
fore, it is desirable to develop a model for daily ET based on inputs 
that can be or have the potential for being estimated from spacecraft. 
Kanemasu, Stone, and Powers (1976) and Rosenthal, Kanemasu, Raney, and 
Stone (1977) modified Tanner and Jury's (1976) approach to estimating ET. 
Their approach was used to develop an ET model for winter wheat. 

METHODS AND MATERIALS 

Model Development 

The evapotranspiration model described by Kanemasu et al. (1976) 
requires both soil and crop factors. Soil factors, obtained from 
lysimetric observation on bare soil or from weight changes due to water 
losses from large soil-filled containers, are used in Ritchie's (1972) 
model to estimate evaporation from the soil surface. 

Evaporation from the soil surface is limited by energy supplied 
during the constant rate stage; therefore, an energy transmittance term 
(T), based on leaf area index, is required. During the falling rate 
stage, evaporation rate is proportional to the square root of days after 


constant rata stage. The crop factors are used to estimate maximum 

evapotranspiration (ET^) and transpiration. ET n)ax — the energy- limited 

ET occurring from a well-watered surface under nonadvective conditions-- 

is given by Priestley and Taylor (1972) as 

ET Of [s/fc + Y)]R [l] 

max n 

where or is a constant for a particular crop and climatic situation; y is 

the psychrometer constant (mb/°K) ; s is the slope of the saturation vapor 

pressure curve (mb/°K) at mean temperature; and R is the 24-hr net 

n 

radiation (mm/ day) * We evaluated or from lysimetric observations during 

periods of full canopy cover and wet soil surface (o' - 1.35) . When R 

n 

was not measured, we estimated it from solar radiation R (mm day -1 ) using 

s 

the regression equations: 

R = .959 R - 3.61 [2] 

n s J 

and 

R = .926 R - 2.70 [3] 

n S 

where [2] was developed for growth stages up to jointing and for the 
remainder of the season [3], 

Transpiration was estimated by equations of the form given by 
Tanner and Jury (1976) and Kanemasu et al. (1976). When the available 
moisture content in the root zone was greater than 30% of field capacity, 
we used 

T * 0' v (l-T)[s/(s + Y)]R n , 

crop cover < 507. [4] 

and T = (of-r)[s/(s + y) lR 

* * n 

crop cover > 50% 

where o = 1.56; t = exp (-.737 IAI) and LAI is leaf area index. 


[51 
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When the available moisture content was less than 30% field capacity, 
we linearly decreased the transpiration rate to zero at zero available 
moisture (Kanemasu et al., 1976), 

Field Experiment 

Winter wheat [ Triticum aestivum (L)] was planted at the Evapotrans- 
piration Research Field, 14 km southwest of Manhattan, Kansas, on October 
16, 1974, and September 25, 1975. Cultivars planted were Cloud in 1974 
and Plainsman V in 1975, A weighing lysimeter was located in the center 
of each 1-ha plot. Solar radiation, net radiation above and below the 
canopy, and temperature were measured at the site using a data -acquisition 
system. Leaf area index (LAI) was determined with an optical planimeter 
(Lambda Instruments) weekly except during dormancy, when monthly samples 
were sufficient. Regression equations for estimating net radiation from 
solar radiation (equations [23 and [3]) and T from LAI were developed 
from detailed measurements at the Evapotranspiration Research Field, and 
then used in the ET model for other locations. 

Adjacent to the lysimeter area, five 1-ha plots were sown on October 
'4, 1975, to Centurk, Sage, Trison, Arthur 71, and TAMU wheat 101. 

We measured LAI and soil moisture on three large wheat fields 
(>40 ha) at three locations in 1974 and in 1975, Rooting zone depth as 
a function of time was estimated from dry weight of roots in 7.5-cm dia. 
soil cores (150 cm deep) sampled at dormancy, jointing, and heading stages 
(Fig. 1). Cores from at least three locations in the Centurk plot were 
taken at each sampling time. Roots were washed from soil and then oven- 
dried. At the lysimeter area, rooting depths were estimated by digging 
a trench and visually noting the deepest penetration. Visual observations 
agreed favorably with results indicated in Fig. 1. 




Landsat I and II multispectral data were obtained from NASA for all 
cloud»free dates. Field boundaries in the areas listed in Table 1 
were delineated using acetate overlays on gray-scale maps printed from 
computer compatible tapes (CCT). Digital counts from each pixel within 
a field for each multispectral scanner (MSS) wavelength band (Table 2) 
were read from CCT's (a pixel is approximately 0.5 ha). 

Regression analyses were used to correlate the measured leaf area 
index (LAI) with digital counts in each MSS band, and we obtained the 
equation 

LAI ». 2.677-3.694 (MSS 4/5)-2.309 (MSS 4/6) + 5.751 [MSS 4/(2x7)] + .043(MSS 5/6) 

« 

-2.692[mSS 5/(2x7)] + 3. 07 l[ (MSS 4/5) - MSS 4/ (2x7)] (MSS 4/5) [6] 

2 

with an R of 0,69 and a standard deviation of 0,42. The MSS band ratios 
are pixel by pixel averages; however, using field averages in [l] should 
not result in significant errors, Digital count data were not corrected 
for sun angle, 

RESULTS AND DISCUSSION 

Soil and crop parameters required in the model were determined during 
the 1974-75 season, Fig, 2 shows model-predicted and -observed soil 
moisture in the 150-cm profile. The completed model was compared with 
lysimetric observations during the 1975-76 season. The standard deviation 
of the difference between the model and lysimeter was found to be less 
than 0,5 mm day/ 1 (The 95 percent confidence interval was -0.2 to *f0.2 
mm day/ 1 ) 

Fig, 3 shows seasonal, cumulative evaporation (E), transpiration (T), 
and evapotranspiration (ET) for a field in Colby, Kansas, Evaporation 
from the soil surface accounted for about 25% of the seasonal ET for 
winter wheat. 


Table 1 


• Kansas commercial winter wheat fields, used in evaluating 
evapotranspiration model 


COUNTY 

YEAR 


CENTER COORDINATES 

Riley 

1974-76 


96°37', 39°8'N 

Ellswprth 

1974-76 


98°17.5'W, 38°43'N 

Finney 

1974-75 


101°5.9'W, 39°9.6'N 

Colby 

1975-76 


lOl'Vw, 39°24'N 
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Fig. 4 compares LAI values predicted from [l] with ground measure- 
ments. Fig. 5 compares Landsat-predicted LAl's for a Riley and an 
Ellsworth county field with observed values. Simulating LAI throughout 
the season requires adequate satellite coverage. Usually, winter wheat 
LAI has two peaks: one in the fall which is rather broad and occurs 

when )’T is rapidly declining; and one at heading time which is quite 
max 

sharp and can be easily missed by Landsat coverage. In that transpiration 
does not increase so rapidly with increase in LAI at high LAl's as it 
does at low LAl's (LAI > 1.5) , large errors do not result if the spring 
peak is missed. 

The ET model was run on each field at each location (Table 1) using 
meteorological data from nearest weather stations and both observed and 
Landsat-predicted LAI. Monthly ET rates estimated with Landsat-predicted 
LAI agreed favorably with estimates using, observed LAI (Table 3). 

In Table 4, model estimates of monthly ET for five winter wheat 
cultivars at Ifenhattan, Kansas, are compared. Seasonal ET was approx- 
imately the same for all cultivars, with slight differences occurring 
during early spring. 

V'.’7 SUMMARY 

The evapotranspiration model described here for wheat potentially 
can be used on a regional basis. Because leaf area index can be obtained 
from spacecraft, ET estimates are responsive to many dynamic conditions 
(such as frost, drought,, disease, insect damage) that are not accounted 
for by standard crop-coefficient models. Problems exist because of 
inadequate satellite coverage resulting because of clouds and delays in 
obtaining and analyzing data. 





1974 - 75 
WINTER WHEAT 
RILEY CO., KANSAS 
OBSERVED—© 
PREDICTED-* 


5/ IO 0/ 3O '29 '29 '28 2/ 27 3 /29 '28 5 /28 

DATE 


1975-76 
WINTER WHEAT 
ELLSWORTH CO.. KANSAS 
OBSERVED-© 
PREDICTED-* 



% % M/ 29 ,2/ 29 '/28 2 /27 ^8 % 5 /27 

DATE 


5. Seasonal trends in observed leaf area index compared 
with Landsat predicted LAI from equation [&]. Solid 
line fitted through observed data points (A = Riley 
Co., B “ Ellsworth Co.) 
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Table 3. Monthly evapotransplration rates (mm) estimated from ET model 
using observed LAI and Landsat-predicted LAI. 

RILEY THOMAS ELLSWORTH 


1975-76 

OBS. 

LANDSAT 

OBS. 

LANDSAT 

OBS. 

LANDSAT 

Sept. 

35.7 

35.6 

17.1 

17.4 

25.9 

25.9 

Oct. 

25.9 

26.2 

24.9 

23.2 

16.0 

16.0 

Nov. 

9.2 

9.4 

10.6 

9.5 

10.1 

10.6 

Dec. 

3.8 

3.7 

3.8 

3.6 

4.2 

4.2 

Jan. 

7.4 

7.2 

10.7 

8.8 

8.2 

8.4 

Feb. 

22.1 

20.7 

27.7 

21.7 

18.9 

22.0 

Mar. - 

62.8 

58.1 

34.4 

26.3 

46.8 

46.9 

Apr. 

101.1 

91.9 

82.1 

75.5 

88.5 

84.1 

May 

141.3 

147.2 

131.8 

132.1 

120.2 

125.1 

June 

73.5 

89.3 

83.3 ' 

85.4 

56.8 

84.8 

July 

0 

0 

3.5 

3.3 

17.6 

17.7 


482.6 

489.3 

429.8 

406.7 

413.2 

446.4 
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Table 4. Model evapotranspiration estimates' for 5 winter wheat cultivars 
at Manhattan, Kansas 


EVAPOTRANSPIRATION (mm) 


DATE 

CENTURK 

TRISON 

ARTHUR 71 

SAGE 

TAMU WHEAT 101 

10/30/74 

25.1 

25.1 

_ 25.1 

25.1 

25.1 

11/30/74 

7.8 

8.4 

8.4 

7.8 

7.8 

12/31/74 

1.9 

1.9 

1.9 

1.8 

1.9 

1/31/75 

4.3 

4.5 

4.5 

4.3 

4.3 

2/28/75 

21.1 

19.8 

19.8 

21.0 

21.0 

3/31/75 

44.7 

51.9 • 

50.1 

47.8 

49.3 

4/30/75 

96.1 

94.3 

89.3 

92.5 

98.3 

5/31/75 

176.7 

172.3 

178.4 

173.3 

174.9 

6/21/75 

54.7 

55.7 

54.8 

55.5 

50.0 

Total (mm) 

432.4 

434.0 

432.3 

429.1 

432.6 
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EVALUATING SOIL MOISTURE AND YIELD OF WINTER 
WHEAT IN THE GREAT PLAINS USING LANDSAT DATA 
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EVALUATING SOIL MOISTURE AND YIELD OF WINTER WHEAT 
IN THE GREAT PLAINS USING LANDSAT DATA 

ABSTRACT 

Locating areas where soil moisture is limiting to crop growth is 
important for estimating winter-wheat yields on a regional basis. 

In the 1975-76 growing season, we evaluated soil-moisture conditions 
and winter-wheat yields for a five-state region of the Great Plains 
using satellite (LANDSAT) estimates of leaf area index (LAI) and an 
evapotranspiration (ET) model described by Kanemasu et al. (1977). 
Because LAI was used as an input, the ET model responded to changes 
in crop growth. Estimated soil-water depletions were high for the 
Nebraska Panhandle, southwestern Kansas, southeastern Colorado, and 
the Texas Panhandle. Estimated yields in the five-state region ranged 
from 1.0 to 2.9 metric ton/ha. 
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INTRODUCTION 

Soil-water availability greatly affects growth and yield of winter 
wheat in the Great Plains. To estimate winter wheat yields, it is 
important first to delineate areas where soil moisture is limiting to 
growth. 

The Crop Moisture Index (CMI) is commonly used by National 
Oceanographic and Atmospheric Administration (NOAA) to provide weekly 
estimates of availability of moisture to meet agricultural demands, 
However, the CMI is a general index and does not respond to the growth 
of a specific crop. 

To evaluate the soil-moisture status for winter wheat on a 
regional basis, we used satellite (LANDSAT) data and an evapotranspir- 
ation (ET) model. We compared results with the Crop Moisture Index, 
and assessed the impact of moisture-limiting conditions on growth and 
yield of winter wheat . 

MATERIALS AND METHODS 

Table 1 shows moisture conditions at planting (for the 1975-76 
growing season) in 22 sample segments in five Great Plains states. 

They are part of the Large Area Crop Inventory Experiment (LACIE) 
tri-agency (USDA, NASA, NOAA) project being conducted at Johnson 
Space Center. Photo-interpretation of LANDSAT imagery was used to 
select a limited number of fields in the sample segments that are 
identified as wheat and non-wheat. 

We used the evapotranspiration (ET) model patterned after approaches 
by Kanemasu, Stone, and Powers (1976) and Tanner and Jury (1976), and 
found by Kanemasu et al. (1977) to be accurate in estimating ET and soil 
moisture for winter wheat. Model inputs were daily estimates of solar 1 
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Table 1. Location of sample segments and soil-water contents there at 
planting in 1975. 


State 

County 

No. of fields 

Soil-water content 
at planting (mm) 

Texas 

Hale 

9 

416 


Swisher 

16 

409 


Hutchinson 

6 

300 


Bailey 

11 

392 


Oklahoma 

Comanche 

7 

330 


Tillman 

15 

467 


Jefferson 

9 

540 


Kansas Kingman 

6 

330 

Stevens 

8 

271 

Osborne 

12 

525 

Sheridan 

10 

355 

Grant 

10 

298 

Kearny 

20 

301 

Edwards 

10 

343 

Reno 

5 

390 


Colorado 

Prowers 

7 

289 


Baca 

4 

309 


Nebraska 

Deuel 

8 

479 


Garden 

11 

449 


Chase 

8 

525 


Keith 

10 

495 


Dundy 

9 

512 
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radiation, maximum and minimum temperature, precipitation, and leaf 
area index (LAI) . Model outputs were potential evapotranspiration 
(ET x ), transpiration, soil evaporation, ET, runoff, drainage, and 
soil moisture in the 0 to 150 cm profile. 

ET (mm) was calculated using the equation 

D13X 

ET max ' “ Is/(s+1,)1R n > 111 

where a is a unitless proportionality constant for a particular crop 

and climatic situation (1.35 for winter wheat), s is the slope of the 

saturation vapor pressure curve (mb/°K) at mean temperature, y is 

the psychrometric constant (rab/°K), and R^ is 24-hr net radiation 

(mm water/day). R r was estimated from solar radiation using regression 

equations (Kanemasu et al. , 1977). 

During stage 1 evaporation (constant .rate phase) , soil evaporation 
was calculated using the equation 

E = (x/a) ET , [2] 

o • max 

where E q is daily soil evaporation (ram), x is an energy transmittance 
term equal to exp (-.737 LAI). Equation [2] was used until the upper 
limit (U) of stage 1 evaporation was reached. During the falling rate 
phase (stage 2) evaporation was calculated using the equation 

* ct 1/2 - c (t-i) 1/2 [3] 

— 1/2 

where c (mm day ) depends on the hydraulic properties of the soil 
and t is days after stage 1 evaporation. Table 2 summarizes soil 
constants for the LACIE sample segments. 

Transpiration (mm) was calculated using the equations 

T «= a y (l-x)[s/(s+y)]R n 14] 

■ 
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Table 2. Soil properties of the sample segments. 


County 

Soil 

texture 

C -1/2 
(mm day ) 

U 

(mm) 

Field 

capacity 

(mm) 

Maximum 

available 

water 

(mm) 

Garden, Deuel 
Dundy, Chase 
Keith 

Fine silty clay 

3.5 

10.0 

525 

225 

Stevens, Kingman 
Comanche, Hutchinson 

Sandy loam 

2.5 

11.0 

330 

180 

Sheridan, Osborne 
Reno, Edwards 
Grant, Kearny 
Prowers, Baca 

Silty clay loam 

3.5 

16.0 

525 

300 

Swisher, Hale 

* Clay loam 

4.0 

19.0 

540 

285 


Jefferson, Bailey 
Tillman 


for crop cover less than 50% and 


T = (a-t) [s/(s+y)]R n [5] 

for crop cover greater than 50% where a ; = 1.56. Equations [4] and 

[5] were used when the mm of available soil moisture (9 ) in the 

a 

profile were greater than 35% of the maximum available soil moisture 

(9 ). When 9 was less than 35% of 9 , equations [4] and [5] were 

ru3x 3. max 

multiplied by K , given as 

S' 


9 

V = § 

s 0.35 9 


[ 6 ] 


max 

Soil moisture was calculated from the water balance. Initial soil 
water contents at planting (Table 1) were estimated from the previous 
15 months' precipitation. 

Leaf area indices were estimated from LANDSAT taultispectral data 
obtained from' NASA for all cloud-free dates (Kanemasu et al. 1977) . 

LAIs for each field within a sample segment were calculated using 
field averages of digital counts in each multispectral scanner (MSS) 
wavelength band (Table 3) and the regression equation 
LAI = 2. 677-3. 694 (MSS 4/5)-2. 309(MSS 4/6)+5.75l[MSS 4/ (2x7) 1+0.043 (MSS 5/ 
-2. 692 [MSS 5/(2x7)3+3.071 [(MSS 4/5)-MSS 4/(2x7)](MSS 4/5). [7] 


The quantities in parenthesis in equation [7] represent digital-count 

ratios of the MSS wavelength bands. (Digital counts in band 7 were 

2 

multiplied by 2). Equation [7] (R =0.69) was developed from 110 

observations of LAI in Kansas (Kanemasu et al. 1977). LAIs for the 

* 

fields within a sample segment, calculated using [7], were averaged to 
obtain an average LAI for the sample segment for each LANDSAT 
overpass . Daily values of LAI for each segment, used in the ET 
model, were estimated from graphs of average LAI versus date. Examples 




Table 3. Spectral bands for the LANDSAT multi- 
spectral scanner (MSS) . 


Band 

Wavelength 

Im) 

MSS 4 

0.5 

to 0,6 

MSS 5 

0.6 

to 0.7 

MSS 6 

0.7 

to 0.8 

MSS 7 

0. 8 

to 1.1 
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of LAI graphs are shown in Fig. 1. 

Yields were estimated using the equation 

Yield (metric tons/ha) =0.192(2 (T/ET max ) ) J ’ 172 • (E (T/ETj ) ^ 104 • (E (T/ET^J ) ° ' 646 

where the subscripts 1, 2, and 3 denote, respectively, these growth 

stage intervals: emergence to jointing, jointing to heading, and head— 

2 / 2 

ing to soft dough— . Equation [8] (R = .54), developed from field 
data in Kansas, has not been rigorously tested. 

RESULTS AND DISCUSSION 

The ET model uses inputs that can be easily obtained and that 
can be estimated from spacecraft. Because LAI, used as a model input, 
can be estimated from satellites, the ET model will respond to dynamic 
conditions affecting growth of winter wheat. 

We found soil-water depletion to be a useful ET-model output for 
evaluating moisture conditions for winter wheat. Percent depletion 
(% DEPL ) is defined as 

9 - 0 

%DEP T = (-2— — — ) X 100 . [9] 

max 

Soil-water depletion is related to crop condition in that it considers 
both water-holding capacity of soil and water availability to the plant. 

ET-model estimates of soil-water depletion on Oct. 1, 1975, the 
approximate planting date at most locations, are shown in Fig. 2. Model 
estimates of %DEPL indicated that, assuming photosynthesis was reduced 


proportionally with transpiration (K g <l), moisture was limiting to 


25 

26 
27 


— 'Kanemasu, E. T. 1977. Application of information on water-soil-plant 

relations to use and conservation of water. Kansas Contributing 
— Repor t - , — W ea t - em 6 7 (R evlsedf-r- — — 









Model estimates of soil-water depletion on Oct. 1, 
1975 (A) ; compared with Crop Moisture Index on 
Sept. 27, 1975 (B) . Positive indices indicate that 
moisture supplies exceeded agricultural requirements 
negative values, that demand exceeded available 
supplies. Shaded areas indicate the index was un- 
changed or increased from the previous week’s value. 




winter-wheat growth in southwestern Kansas and in southeastern Colorado 


Model estimates of %DEPL provided more accurate estimates of the 


actual moisture conditions for winter wheat than did the weekly Crop 


Moisture Index (CMI). Fig. 2 shows CMI values for Sept. 27, 1975. 


(Interpretation guidelines for CMI are listed in Table 4.) Positive 


indices indicated that moisture supplies exceeded agricultural 


requirements; negative values, that demand exceeded available supplies. 


Although the CMI showed dry conditions in the same areas as did the 


ET model, it was difficult to use CMI to assess the magnitude and 


effect of deficit conditions on growth of winter wheat. 


Fig. 3 shows model estimates of soil-water depletion on the 


approximate jointing date, April 1, 1976. Moisture-limiting conditions 


existed in southwestern Kansas, southeastern Colorado, and in the 


Texas Panhandle. We concluded that, because of high %DEPL at jointing 


in the above-mentioned areas , growth and development of wheat were 


restricted. 


The Crop Moisture Index on April 3, 1976 (Fig. 3) showed dry 


conditions in Texas, and in portions of Kansas and Colorado. Because 


the CMI did not indicate actual moisture conditions for winter wheat 


on April 3, it was difficult to assess severity and impact of the dry 


conditions on wheat growth using the Crop Moisture Index. 


Model estimates of soil-water depletion on May 15, 1976 (the 


approximate heading date) were greater than 70% in southwestern Kansas, 


southeastern Colorado, and in the Texas and Nebraska Panhandles (Fig. 


4). Because of the dry conditions at the approximate time of heading. 


we expected there would be yield reductions in the those areas. The 


Crop Moisture Index on May 15 (Fig. 4), however, showed dry conditions 
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Model estimates of soil-water depletion on April 
1, 1976 (A) ; compared with Crop Moisture Index 
on April 3, 1976 (B). Positive indices indicate 
that moisture supplies exeeded agricultural re- 
quirements; negative values, that demand exceeded 
available supplies. Shaded areas indicate the index 
was unchanged or increased from the previous week's 
value. 



Table 4. 


General guidelines from National Weather Service 
for interpreting Crop Moisture Index. 


Unshaded areas: index decreased 


Above 

2.0 to 3.0 

1.0 to 2.0 
0 to 1.0 
0 to -1.0 

-1.0 to -2.0 
-2.0 to -3.0 
-3.0 to -4.0 
Below -4.0 


Some drying but still excessively wet 
More dry weather needed, work delayed 
Favorable, except still too wet in spots 
Favorable for normal growth and fieldwork 
Topsoil moisture short, germination slow 
Abnormally dry, prospects deteriorating 
Too dry, yield prospects reduced 
Potential yields severely cut by drought 
Extremely dry, most crops ruined 


Shaded areas: index increased or did not change 


Above 3.0 

2.0 to 3.0 

1.0 to 2.0 
0 to 1.0 
0 to -1.0 

-1.0 to -2.0 
-2.0 to -3.0 
-3.0 to -4.0 
Below -4 . 0 


Excessively wet, some fields flooded 
Too wet, some standing water 
Prospects above normal, some fields too wet 
Moisture adequate for present needs 
Prospects improved but rain still needed 
Some improvement but still too dry 
Drought eased but still serious 
Drought continues, rain urgently needed 
Not enough rain, still extremely dry 



SOtl-WAMR 
Dim iion 


CROP MOISTURK 


MAT 15. 1070 






Model estimates of soil-water depletion on May 
15, 1976 (A); compared with Crop Moisture Index 
(B) on the same date. Positive indices indicate 
that moisture supplies exceeded agricultural 
requirements; negative values, that demand 
exceeded available supplies. Shaded areas indicate 
the index was unchanged or increased from the 
previous week's value. 


only in portions of Colorado and Texas. 

As expected, yields estimated from equation [8] were lowest in the 
sample segments with high soil-water depletion at jointing and heading. 
Predicted yields in the 22 sample segments ranged from 1,0 to 2.9 
metric tons/ha (Fig. 5). Generally, predicted yields agreed favorably 
with average county yields estimated by the Statistical Reporting 
Service (SRS) (Fig. 6). Because equation [8] assumed that moisture 
was the primary limiting factor to wheat growth, predicted yields were 
closest to SRS estimates for those areas where soil-water depletion was 
high. For areas of adequate moisture (Oklahoma and portions of Kansas) , 
predicted yields were higher than SRS estimates. Discrepancies may 
also have occurred because fields within some sample segments may not 
have been representative of fields in the rest of the county. 

This study has shown that soil-moisture conditions and growth of 
winter wheat can be evaluated on a regional basis using satellite data. 
Because leaf area index (estimated from LANDS AT) is used as an input, 
the evapo transpiration model responds to changes in crop growth. 
Soil-water depletion, estimated using the ET model, is a measure of 
water availability for crop growth and is an important term in yield 
prediction. 





Winter wheat yields (metric tons /ha) predicted 
(using LANDS AT ) for the 22 sample segments in 





Predicted winter wheat yields in metric tons/ha 
compared with average county yields estimated by 
the Statistical Reporting Service. 
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MODELLING DAILY DRY MATTER PRODUCTION OF 
WINTER WHEAT 
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MODELLING DAILY DRY-MATTER PRODUCTION OF WINTER WHEAT 

ABSTRACT 

Applicability of many plant; growth models are limited because of 
the requirements in input data. Photosynthesis and respiration equations 
were developed from meteorological data that could easily be obtained. 
The single crop parameter required was leaf area index. These equations 
were developed for winter wheat from measurement of net carbon dioxide 
exchange with field chambers and an infrared-gas-analysis system. 

Higher gross photosynthesis rates after jointing were attributed to 
sink enhancement of photosynthesis. Respiration was estimated as a 
photosynthesis-dependent growth component and a temperature-biomass 
dependent maintenance component. The equations predicted dry-r.iatter 
production that agreed favorably with observed dry matter accumulation. 

Key words: 

Winter wheat. Gross photosynthesis, Respiration, Dormancy, Photo- 
synthetic efficiency. Sink capacity. 
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INTRODUCTION 

Plant growth and yield result from the interaction of environmental 
factors, inherited traits of the plant, and current condition of the 
plant. Using models to study plant growth allows several factors to be 
varied at once. Models may be used to test theories of plant growth 
(Milthorpe and. Moorby, 1974), to estimate yield, or to make crop 
production decisions. The simplest yield model involves summing or 
averaging several variables over the growing season and correlating 
those variables with yield by multiple regression. That approach 
requires a large number of crop ‘cycles to develop a data base (Haun , 

1974). More complex models may attempt to simulate individual plant 
processes on a daily basis (Milthorpe, Moorby and Morgan, 1974). For 
such models, equations to estimate daily photosynthesis and respiration 
are essential. 

This study was designed to develop, for winter wheat, daily growth 
equations estimating photosynthesis and respiration based on net carbon 
dioxide exchange (NCE) measurements, to be incorporated into an evapo- 
transpiration-growth-yield model. Our objectives were: 

1. To investigate whether or not photosynthesis and respiration 
change as functions of growth stage. 

2. To develop and test equations estimating photosynthesis, 
respiration, and dry-matter accumulation as functions of leaf 
area index (LAI) and meteorological variables. , 

■ A - •: : ••• : ■■ ■ ' \ • ' ' . 

. •. "• ; . ... . . . • ' . v ; . . 

METHODS AND MATERIALS 

On 25 Sept. 1975, 1 ha plots of Triticum aestivum L. cvs. 

Plainsman V and Cent urk were planted , each at seeding rates of 34 kg ha ^ 
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and 67 kg ha ^ at the Evapo transpiration Research Field 14 km southwest 
of Manhattan in Riley county, Kansas. On 1 Oct. 1974, 5 cultivars 
(Centurk, Tamu, Trison., Sage, and Arthur) were plantedat the site at 
67 kg ha . While detailed measurements were made at the Evapo- 
transpiration Research plots, less' detailed measurements were made on 
commercial fields (in Riley, Ellsworth, and Finney counties) planted to 
Scout in late September to early October of 1974 and of 1975. 

From 25 Sept. 1975. to 24 Nov. 1975, and from 1 Mar. 1976 to 15 
June 1976 net carbon dioxide exchange (NCE) was measured with 4 
open-chamber systems and two infrared-gas analyzers (Uras Intertech 
Corp.). Every 20 minutes each analyzer was switched between two 
chambers with an electronically timed, solenoid valve system, pre- 
viously described by Sij , Kanemasu, and Teare (1972) and by Kanemasu, 

2 

Powers, and Sij (1974). Each chamber enclosed an area of 1.2 m , 
including approximately 200 or 400 wheat plants, depending on the seeding 
rate; so the NCE values represented the effects of many plants. The 
chambers were moved to new locations at intervals (no longer than 14 
days) , depending on growth stage and weather. Soil was packed along 
the outside of each chamber to prevent large air leaks . The air 

3 

circulation rate through the chamber , measured daily, was about 2.2 m 
min’"'*' (air exchange about 1. 2 times per min) . In an earlier study 
(Kanemasu and Hiebsch, 1975) dry' matter estimated from chamber measure- 
ments agreed within about 10% of observed dry matter from jointing to 
heading. 

Based on measurements taken in the spring and fall of 1975, soil 

-2 -1 

respiration or carbon dioxide flux in mg CO 2 dm 12 hr from bare 
soil (without roots) was estimated as: 
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Soil respiration = -7.2 - 1.15 (TMAX + TMIN)/3 [1] 

during the night and 

Soil respiration = -15.11 - 0.65' (2 TMAX + PTMIN)/3 [2] 

during the day where TMAX, TMIN, and PTMIN are maximum and minimum 

daily temperatures and previous daily minimum temperature in C. These 

equations give values ranging between those found by Kanemasu et al. 

(1974) during summer at the Evapotranspiration Research field (-3 mgCC^ 

-2 -1 

dm hr ) and by Biscoe et al. (1975b) during spring and summer in 
England (-1.1 mgC^ dm~^hr~^)« 

The number of chambers available precluded gathering replicated NCE 
values. The 20-minute readings were continuously recorded for each 
treatment for each day. Some data were discarded because of rapidly 
changing carbon dioxide concentration, probably caused by fluctuating 
atmospheric conditions (inversion with low wind). During May and June, 
1976, the solenoid valves from one chamber malfunctioned. 

To calculate leaf area index (LAI) and above ground dry matter 
accumulation we sampled plants weekly on the Riley county fields and 
approximately twice monthly on the Ellsworth and Finney county fields — 
except during December, January, and February, when samples were taken 
less frequently on all; fields. Leaf area was measured with an optical 
planimeter (Lambda Instruments) . From heading to approximately hard- 
dough stage, 0. 025 was added to LAI. values to account for the photo- 
synthetic area of the heads (including awns) . 

Solar radiation (SR) was measured at Manhattan for the Riley county 
and Ellsworth county fields and at Dodge City for the Finney county 
fields. A thermograph was used to measure maximum and minimum temper- 
atures at the Evapotranspiration Resea rch field. At Garden City and 
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Ellsworth, the National Weather Service temperature records were used. 

Light interception of the canopy was measured with one sensor 
(Lambda Instruments) pointing upward to measure incoming photo- 
^ynthetically active radiation (PAR), one sensor pointing down from two 
meters height to measure reflected PAR (RPAR), five sensors in parallel 
pointing upward at different positions underneath the canopy to measure 
transmitted PAR (TPAR) , and five sensors in parallel facing downward 
beneath the canopy to measure PAR reflected from the soil (RSPAR). 
Intercepted PAR (IPAR) was calculated as 


IPAR = PAR - RPAR - TPAR + RSPAR 


[3] 


_2 

where PAR is in micro Einsteins cm day. One Einstein is one mole of 


,3/ 


photons. For most of the growing season, RSPAR was small. 

A biomet eorological time scale (Feyerherm and Paulsen, 1976)—' was 
used to estimate date of emergence (1), jointing (2), heading (3), soft 
ripe (4), and maturity (5) on fields where ontogeny data were not 
recorded (Ellsworth and Finney counties). 

Because of the similarity of the pathways of photosynthesis and 
transpiration, the responses to water stress are similar. An evapo- 
t r an s p ir a t ion model for sorghum and soybean (Kanemasu , Stone, and Powers, 
1976), adapted to winter wheat, was used to estimate the effect of water 
stress on photosynthesis. Gross pho t osy n thesis (GP) was assumed to be 
reduced by a water stress factor (K ) , * 

- . ■ -.••.•••S' •'•.'•' 


K = 0/.35max 
s 


K = 1 
s 


(0 < .35max) [4] 

(0 >_ .35 max) ' [5] 

where 0 is available soil water and 0 max is the available soil water at 
field capacity. 


■W\\ 

at. i 

’ 1 


_3/ Feyerherm, A. M. and G. M. Paulsen. 1976. A biometeoro logical time 
scale applied to winter wheat. Agron. Abstr. p. 9. 
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RESULTS AND DISCUSSION 

Model Development 

The NCE measurements were corrected for soil respiration according 
to [1] and [2] and integrated to obtain the 24 hour NCE estimate (TNCE) . 
TNCE is then the algebraic sum of the daytime NCE (DNCE) and the negative 
nighttime NCE. We estimated the nighttime NCE or dark respiration (NResp) 


as: 


NResp = (N.) (-0.276 - 0.0148 DNCE - M x DM) 

i~r , n 


[ 6 ] 


-2 -l 

where NResp is the nighttime flux of CO 2 (mg dm day ); N is the night 

length in hours; DNCE is gross photosynthesis minus the daytime 

-2 -1 

respiration (mg dm day ); DM is the accumulated above- and below-ground 
-2 

dry matter (mg cm ) until maximum LAI (MLAI) is attained; thereafter 
DM is multiplied by LAI/MLAI. Thus, when all leaves have senescenced, 
the maintenance component is zero. The "maintenance" coefficient (Mn) 
is temperature dependent and of the form 


Mn = .002329 4 8.172 x 10' 6 XT + .2329 x 10 _6 x T 2 

n n 


[7] 


where T is (T + 2T . )/3. T and T . are the 24 hour maximum and 
n max mm max mm 

minimum temperatures in degrees Kelvin. Equation [6] — evaluated by 

using chamber measurements of DNCE, night respiration, observed dry 

2 

matter, and temperature data — resulted in an r = 0.74. 

Daytime respiration (DResp) can be expressed by . [6] with daylength 

substituted for nightlength, gross • photosynthesis (GP) substituted for 

DNCE, and M, substituted for M . M. is given by [7] with T = (2T 

a n d . m max 

+ PI ^i n )/3 substituted for T^.PT m ^ n is the previous daily minimum 
temperature in degrees Kelvin. 

McCree (1974) estimated respiration for sorghum and white clover 
with equations of the f orm 
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Resp = a DNCE 4- b DM [8] 

where a is a growth coefficient and b is a temperature dependent main- 
tenance coefficient. Table 1 compares the maintenance and growth 
coefficients for wheat with those of McCree's over a- range of temper- 
atures. The wheat coefficients were less sensitive to temperature than 
those of sorghum and white clover, probably because wheat is a cool 
season crop. 

Gross photosynthesis (GP) depends to a large extent on the number 
of photons or quanta of light intercepted by the canopy. Shown in Fig. 

1 is the relationship between intercepted PAR (IPAR) and leaf area 
index (LAI). IPAR can be expressed as 

IPAR = .5739 PAR LAI - LAI £4.6 [9] 

with r^ = . 87 and 

IPAR = .95 PAR LAI > 4.6 [10] 

. . -2 -1 

where IPAR and PAR are given in yE cm day • Estimating light inter- 
ception by the point quadrants method (Wilson, 1967) while probably 
more accurate, would require measurement of leaf angle distribution or 
mean leaf angle, so was not used. 

Wien PAR was not measured, PAR was estimated from daily solar 
radiation (SR) by the relationship 

PAR = 9.07 SR [11] 

where SR is in ly day Equation [11] was obtained from SR and PAR 
measurements at the Evapotranspiration Research site. Therefore, from 
measurements of solar radiation and LAI, intercepted PAR can be 
estimated. 

Gross photosynthesis (GP), was estimated for various growth stages 
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Table 1. Maintenance and growth coefficients for sorghum and white 
clover (McCree, 1974) and winter wheat (from 0°C to 30°C 
when daylength is 12 hours) compared. 


TEMPERATURE 

MAINTENANCE COEFFICIENTS 


<°c> 

Sorghum 

Whit e Clover 

Wheat 

0 

0.02 

0.06 

0.26 

10 

0.09 

0.23 

0.28 

20 

0.26 

0.69 

0.30 

30 

0.54 

1.43 

0.31 


GROWTH COEFFICIENTS 



Sorghum 

White Clover 

Wheat 


0.14 

0.14 

0.18 


i- 

i 


\ 1 1 : 

/ * 


% INTERCEPTED LIGHT 
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1 by using the chamber and light-interception data. Following Biscoe 

2 et al. (1975a) monomolecular equations were used to estimate the photo- 

3 synthetic response to intercepted light. From emergence to jointing 

4 GP = K [415 - 434 exp(-.000276 x IPAR)] ' [12; 

s 

2 . 

5 with r - .84, where K is the water stress factor from [4] and [5], GP 

s 

-2 -1 

6 is given in mg C0 9 dm day . During cold days (T < 5 C) , GP = 0 

z max 

7 (Martin and Leonard, 1967). From jointing to maturity and LAI > 1.5, 

8 GP = K [1047 - 865 exp (-.000132 x IPAR)] [13; 

s 

9 with = . 68 . If LAI <1.5, [12] is used. 

# . . 

10 Table 2 illustrates the difference in photosynthesis, respiration, 

11 and daily dry-matter accumulation (DMP) (calculated by [15] ) from the 

12 prejointing and post jointing photosynthesis equations. The difference 

13 in gross photosynthesis between equations [12] and [13] may be due to 

14 sink enhancement of photosynthesis (Evans and Duns tone, 1970) after 

45 jointing. Clearly, [12] and [13] provide unreasonable estimates of GP 

4(5 at zero IPAR; however, under our field conditions the errors involved 
47 were minor. GP was not allowed to be negative. 

4 g Estimated daily gross photosynthesis and respiration are summed 

49 in Table 3 by growth stage. Denmead (1976) estimated that a spring 

- -2 

20 wheat crop had 13827 rag CO^dm daytime net photosynthesis and 5544 

-2 

21 mg CC >2 dm nighttime respiration from one week before heading to 26 

22 days after heading. For Plainsman V, the values from heading to 35 days 

, -2 

23 after heading were (Table 3) 13980 mg C 02 dm daytime net photosynthesis 

-2 

24 and 4151 mg C 02 dm nighttime respiration. Biscoe et al. (1975a) 

-2 -2 

25 reported 10450 mg CO^dm daytime net photsoynthesis and 2550 mg CO^dm 

2 (> nighttime respiration spring barley for a similar period. For the 

27 1 season ( emerg ence to soft ripe ) , 46.8% of the gross pho tsyn t hesis was 
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Table 2. Model estimates of gross photosynthesis (GP), day and' 

night respiration (Resp), and daily dry matter production 

(DMP) for a range of intercepted light values when accu- 

Tn is 22C, 

mulated dry matter is 50 mg cm , Tm is 27°c/and daylength 
is 12 hours . 

Pre jointing 


IPAR ' 


GP— ^ 

4/ 

Resp- 1 ' 

DMP— ^ 

„ ~ 2 3 4 5 , -1 
M*E era day 

0 

< o)- ; 

, -2 -1 
mg dm day 

-19 

-32 

-2 

mg cm 
-0.09 

1814 . • 

(200) 

152 

-77 

0.51 

3628 

(400) 

255 

-106 

0.99 

4535 

(500) 

291 

-117 

1.17 




Post jointing 



IPAR 


GP-^ 

4/ 

Resp— 

DMP— ^ 

„ “2 , 
J-lE cm day 


mg dm ^day ^ 


-2 

mg cm 

0 

( 0)i' 

182 

-85 

0.65 

1814 

(200) 

366 

-138 

1.52 

3628 

(400) 


-181 

2.22 

5442 

3| . • . . .• • . .. " ••• " ... .... ■ 

4 •. 7 . •••• - ' 

(600) 

626 

-214 

2.76 


tj ; 


1. Intercepted light in ly day 

2. GP = 415- 434 exp (-.000276 IPAR) 

3. GP = 1047 - 865 exp (-.000132 IPAR) 

4. Resp = N Resp + DResp 

5. DMP = .0067 (GP + DResp + NResp) = .0067 (GP + Resp) 




Table 3. Predicted gross photosynthesis (GP) , daytime respiration 

(DResp), nighttime respiration (NResp), and net photo- 

-2 -1 

synthesis (NCE) in units of mg CC^ dm day and dry 

-2 

matter accumulation (DM) in units of mg cm for Plainsman 
V from emergence (1) to jointing (2), from jointing to 
heading (3), and from heading to soft ripe (4), and number 
of days for each stage summarized. 



1-2 

GROWTH STAGE 
2-3 

3-4 

. TOTAL 

Days 

189 

35 

36 

260 

GP 

18572 

17706 

10629 

46,907 

DResp 

-3743 

-3710 

-2250 

-9,703 

NResp 

-5934 

-4151 

-2149 

-12,234 

NCE 

8895 

9845 

6230 

24,970 

DM 

59.6 

66.0 

41.7 

167 



1 


2 


3 

4 

5 

6 

7 

8 
9 

XO 

11 

12 

13 

14 
1 3, 
1C 

17 

18 

19 

20 
21 
22 

23 

24 

25 
20 


respired, which is less than estimated' by Biscoe et al. (1975b) and 
Connor (1975) of 48.6% and 55%, respectively. 

Photosynthetic efficiency values, in terms of total solar 
radiation (SR in ly/day), were calculated for Plainsman V using the 
heat of combustion of plant material as 4 Kcal/gm suggested by Leith 
(1968) as an appropriate average for herbaceous plants. For Plainsman 
V, values were 0.46%, 1.61%, and 0.79% respectively from emergence to 
jointing, jointing to heading, and heading to soft ripe. From data of 
Biscoe et al. (1975b) values for spring barley were 1.55% for the six 
weeks before anthesis and 1.00% from anthesis to soft ripe. All values 
were considerably below the estimate by Loomis and Williams (1963) of 
5-6% for maximum possible efficiency. 

The 24-hour NCE or TNCE can be obtained from equations [6], [12] , and 
[13] which require measuring solar radiation, maximum temperature, 
minimum temperature, and leaf area index, 

TNCE ~ GP + DResp + NResp. [14] 

From TNCE estimates, daily dry-matter production (DMP) can be 
calculated using the conversion by Kvet et al. (1971) 

DMP = .0067 TNCE [15] 

-2 

where DMP is in mg cm . By summing the DMP for each day, the cumulative 
value can be compared with total dry matter observed in the field. 

Tests . ; :7 

To compare the values predicted by the model with measured 
above-ground dry matter, we made several assumptions 'about root dry- 
matter production. Root dry weights were taken in the 1974-75 season on 
Centufk (Kancmasu et al. 1977)—^ Rooting densities of 11, 18, and 25 
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mg cm were obtained for dormancy, jointing and heading, respectively. 

Pasternak (1974), Cox and Wright (1975), and Connor (1975) found rooting 

- 2 ' . 

densities of 23, 22, and 21 mg cm , respectively, at maturity. Those 
root values, added to the above-ground dry weights, were compared with 
those of model for Riley county fields. Because seeding rates were 
lower in western than in eastern Kansas, we arbitrarily used 3/4 
and 1/2 of root weights for Ellsworth and Finney counties, respectively. 
Fortunately, an error in estimating root weights did not result in 
large errors in total dry matter, especially late in the growing season. 

Shown in Fig. 2 are the model-predicted dry matter and observed dry 
matter for all fields in which data were not used in developing the 
model. In general, the values lie along the 1:1 line. 

Shown in Figs. 3, 4, and 5 are the temporal trends in observed and 
predicted dry matter and leaf-area index. Shown in Fig. 3 are predicted 
and observed dry matter for Evapotranspiration Research fields. Pre- 
dicted and observed dry matter agreed closely until heading (1 May), 
when the equations began to underestimate dry-matter accumulation. The 
NCE measurements also decreased after headirig as LAI decreased. That 
discrepancy which did not occur on the commercial fields studied 
(Figures 2, 4, 5), might have resulted from errors (1) in sampling 
dry matter; (2) in measuring NCE after jointing; (3) errors associated 
with photosynthesis by yellowing leaves (not included in LAI measurements 
or (4) in estimating respiration after heading. After a severe frost 
(3 May), the chambers might have been moved to locations with greater 
head damage than the dry-matter samples. 

No NCE measurements were made during December, January, or February^ 

~^l^hdnasu'; E. T. , J; L, Heilman - , - J . Baglc y , and W: L. Pow er s — 1 9- 7 - 7 -: ■ 

Using Lnndsat data for estimating evapotranspiration of winter wheat, 
gnv. Mg t . (submitted) . 


) 









ORY MATTER ( mg-cm**) 



DATE 


Figure 4 v Seasonal trends in observed and .predicted dry 
matter accumulation and LAI for a Riley county 
field (1974-1975) . 


LA! 




DATE 


Figure 5. Seasonal trends in observed and predicted dry 
matter accumulation and LAI for an Ellsworth 
county field (1975-76). 
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hence, we could not evaluate directly the assumption that photosynthesis 
ceases when the maximum temperature is less than 5 C. However, the 
predicted dry matter at the end of February was not greatly different 
from the observed dry matter (Figs. 2, 3, 4, 5), Repka and Kubova (1971) 
reported that roots and shoots of wheat respond rapidly to temporary 
increases in temperature. 

We could not adequately test the assumption that GP decreases 
linearly with available soil moisture after a threshhold value because 
water deficits did not occur until the ripening period. At that time, 

GP was also declining because of leaf senescence. 

CONCLUSIONS 

The maintenance coefficient of wheat presented here was less 
sensitive to temperature than were coefficients found for sorghum and 
white clover (McCree, 1974), possibly because wheat is a cool-season 
grass. Photosynthesis was found to increase sharply after jointing 
possibly because of increased sink capacity. On most wheat fields 
studied, predicted and observed dry matter agreed for most of the growing 
season. Assuming that photosynthesis ceased when the maximum temperature 
was less than 5 C gave reasonable estimates of dry-matter accumulation 
during the winter. 
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”‘V C ’ ; ' v :-'^0 IN COLUMN’ l INDICATES USE OF PRE-SET * GOlT VALUES 

C l INDICATES USE OF INPUT CATES OFF GROWTH STAGE DIFFERENTIATION 

_ C t F_l IS USED THE MONTH AND D AY MUST APPEAR AS 212 I N COLUMNS 5-8 

. **"*'■ 

C ■■■ . * ■ 

C 15. TF6JP0NTH AND CAY OF PLANTING . FOR OCR ti ONL Y. (12, IX, 121 

. c -v .. . — - 

■■■ ' C \ . '* 

C 16, DATA CAROS: DAILY SP. M AXT, MINT, LAI, RAIN, DL 

“ r- c *“‘ SHCULO' CORRESPOND TO VAR I ABLE >CR MAT *3 ABOVE. 

C 01 FCR WHEAT CNLY. 








; , j*u. •• , : * ‘*fp 




■ m$#$F 


WT 




© 

• .'i 

it • 

o : 

© 


PAGE 007 


ISN 0007, 


ISN 0003. 

ISN 0CC4 
ISN 0CC5 
ISN 00C6 


ISN O0C7 
ISN OCOft 
ISN 0009 _ 
ISN 0010 
ISN COM 
ISN 00 U 
ISN 0013 
ISN 0014 


DECLARATION CF VAP l ARLES 
PEAL MX^C.f'AXT^INT , LAI, TFEVALt 5) .TVAL15) , ZVALL5 L/.5G..,25iL^_ 


♦2*3 00. ,9J0./,CVAII 5UTHEPAXI 5) ,THE* W IM 51 ,KVAL 2( 5) /. 05, . 25 , .25 , 
< ... 2 5 t • ? / , K V At 1 1 5 1 / . I t .5 , • 4 * ?*0./ , ThETT , T AU* PNS ,Th£T « THDF » THA T , 
J»TfUPi r iMF,tNltfRAlN0L l RAINEWr7ACCtNuLT , TDAY » T XiTNi DL» T GDDj_ 


♦TFOM 13), t OA ( 13,131 fTBSE(7tl3) , EOR, U FL DC P , KS , T , ET , FLDC P ,T2 ,CV, 

*T PFOA ( 13 ) , FT ACC l 

.PEAL LB l 71/ 1 PT -•,*EH -• JT -* * * BT , p HD - LiJLSQ P. 

♦Uam/»5MS 'JT’, * BT 1 , • FD * , * SO* , * RP 1 * * */,T3 
PEAL K A Y ( 6 1 / 1 • 0 , 2 • 0 , 2 • 7 , 2 • 0 , 4 • 0 » 5 • 0/ , D I F F 

INTEGER. SYR I 6 ) , SM3 ( 6 1 , SD AY ( 6 ) VSCLK 16) , CLOCK, BIFLU, LCQUNT^RF.Lk,XEA£L_ 

1 NT EGER CAY , Y P , SCYSC.P ,CAL 1121/21,26,31, 30,3 i , 20, 31,31 • 30 ,3 i ,30,31 
* / , T ITLE i 201, FLAG, DISC / 1 1 / , CO (5 1/5*0/, 0 AYT , PL ANT < 9 1 , L HC ( 1 0 1 , 
.*K,PDAY,»>^C,B w T ? BFLA Gl CTR,J,BPS,DT,N . 


o | 


1 NT F Gf R I PC ( 301 ,10 AY ( 30 1 , I YR (30) t IRRCHK, II 
REAL IRR( 301, FALLP.T 

_D1 M ENS It N C C E F 1 6 , 8 Li „ - 

R\Al*8 FRPT ( 101 

INTEGER ClPTNt 5 ) ,GQDMC( 5 ) ,GDOCAY( 5 ) ,GCDBGN, STAGE 
REAL GCCVAU 51 / 562 . ? 1195 ., 14 2 0 * * 1 690 . 24 £L*JL 

REAL TCCRN( 6 , 6 ) , STCCRM 6 ) 

P F AL*0 COF N8 ( 6 1 / * 3 - 2 * , r 2 - 4 S*4 - 5 1 

* * 6 -10 * , « 10-> ’ / — 


,'5 “ 6 


6 


0 


C IN 



„ C 


I SN 0015 

I 1*1 

• i r : 

ISN 0016 

CR A I N= 0. 0 


I SN 0017 .. 

PMN0L=0.n 


I SN oo I a 

■ :i '■= RUNOFF -0.0 

© 

1 «>) 0 0L9 

EST -0. 0 


I SN 0-220 

El =0.0 

■> 

ISN 0021 

COUNT” 2.0 

• 1 

I SN 0022 

C AYT =0 

1 , 

I SN 0)23 

T ACC =0.0. 


ISN 0024 

K=U 

* 

ISN 0 02 5 

K S- 1.0 


ISN 032 6_ 

PMTsC.O 


ISN 0027 

CTRsl* 

•>;>- 

I SN 0028 

TGOO-O.O 

n 

ISN 00 2 9 . 

.. .. P M S = i . 

■ >*x 

t SN 0030 

T2 =0 .0 

• \ 

ISN 0031 

t AU-0. 0 


ISN 003 2. 

CV- 3.0 : 

* 

t 

ISN 0023 

OT^O. 

• t 

tiSN. 0 335 

P T \CC l =0.0 


. IS SN 0335,. 

ftFlg^o . _ 


I SN )G36 

RFLG-0 

0 

I SN 002 7 

CLOCK* 0 


ISN OG38 

, .. , COUNT *0 


ISN 0039 

DO 213 J* 1 1 

o'; 

ISN 00 AO 

S Y P i J 1 « 0 

; *-i 

ISN QC4 l 

-Vi. . S M Q1 Jl-0 


ISN 0042 

SCAY t J ) =0 

o 

ISN 0043 

S C L K ( J 1*0 


I SN 0044 

_ 21 6 CONTINUE 


INITIALIZE 


Of 

> 

i 


0 

e 

e 

© 


00 

u> 








r 


PAGE 003 


I.SV OOM 
1SN JO 55 
I SN 0056 
ISH 0057 
I S>* QC5B 
I SN 0C59 
TSV TJFO 
l SN 0C61 ’ 
ISN 0062 


DC 200 J ~1 * 7 

DO 202 Mfci r i3 
TPS C ( J , u ) =C.G 

/CONTINUE 

DC ? 03 J a i v 13 
DO 204 V*t*13 
gPAt j r *)»o.o 
CCNT 1NUF 
DO 205 J = L ♦ 13 
. TEOA ( J J — 0 • 0 _ 

DO 217 J * l » 1 3 
T9EQA( J) *0.0 

DO 219 J*l,6 

Sl'CORNM J l-o.o 
DO 2 19 M-l 1 6 
JXOPM J f Ml*0.0 
STAGE*! 

GDDBGN^O 


REAP IN INPUT 
CUTPUT HEADINGS 


READ 13, lC0tbM)=999) TITLE 
R EAD ( 5 ♦ ICO ) PLANT 

REACT 5*100) LCC _ __ 

' READ (5 * 1 0 1 ) p P P T ~~ 

F’FAD (5,102) MXH20,TV , TINVT5,U, ALPHA t FALlRr ,CNST*X5 VFinCP, MULT 
HKDCP=FinCr*150J 
"WRITE ( 6 t L03 ) T ri Lc 

WRITE (6, iC4)MXH2a,TV f UNf T 5 *U, ALPHA f FALLRT,CNST, X5.MFL0CP, MULT 

WRITE (6, 1 05) PL ANT 

WRITE! 6* 106) LOG 
T 1 - T IN 

READ (5,107) MP,OAY,YR 

"kday-Day 
READ (5*1 C 7 ) KMC 

__J PT KMD. LT . MG ) KMC=KMO* 1 2 

b ^ 0 =mo 
YFAR^YR 

READ (5 ,107)S OYS OR , ^ , 

ALPHAV=1 .44 

GO TO 130 1» 302 » 303 /3 04) * SOYS OR 

ALPHAV-l .71 _/ _ 

GO 7Q 301 ' *"*■ " r “ 

ALPHAV-I • 56 

C v * t . 3 5 _ 

01*189- 
GC TO 301 

_ALPHA V = 1.74 w 

R P AC ( 5 , 1 0 R ) “ T HE VAl * TH F MAX * TH EM I N 
PFAO (5,107) LAYCHK 

REAP (5 ,107) Ff t AG* IRPCHK 

” I F T 6F LAG-2 ) 305 * 3 06 ,305 
READ (5 *109) ITCOEFt I *J)* J = U8) * 1 = 1 *6) 

PFAD (5,107) PMO.POAY ■ . _ 

TFT 1 RRCHK# EO.O V GO T C 3 59 

RFA0(S*115W IMCU IT ,IOAY( I) *IYR{ I ) * IRR (I ) *1*1, I RRCHK ) 

FLAG=0 ■ _ _ 


H 


- ^IISIUTY OF TUB 

ORIGINAL PAGE IS POOR 


PAGE 004 


ISN 0101— 
ISN 3103 
TSN 0104 
ISN 0105 _ 


r SN 01 C 7 
ISN 0100 
ISN 0109 
ISN DUO 
ISN 0111 
ISN 0113 
ISN 0114 


1 F i S OYSOR -N£. V) ,Ga . ta .363 , 

READ ( 5 , 12 1 ) ( C PIN ( J ) , GCOMO l J I f GOOD AY U ) * J» l ♦ 5 ) 
READ ( 5 » 1C 7 ) PMOrPDAY 

_.,360_lFtr5.GE.X5) FLAG'*! ..... : 

C 

C TOP C p LOOP OP ANALYSIS. 

Bit YoT mT ( “kmo 

WRITE 16*103 1 TITLE 

_ write c6*iio) . : - ... . 

L1M=CAL( MHO 

l F ( M NO » E 0 . 2 • A K D • HQ D ( ( Y R ♦ 1 ) , 4 ) • F Q • G ) LIM*29 

DO 2C7.JJJ=0At,Ln . — „ 

IHMMO.EQ.i.AND. JJJ.FC.l) VEAR-YR*! 


ISN 0116 
I SN 0117 
ISN 0118 
ISN 0119.. 
MSN 0120 
ISN J 121 
ISN 0123 
ISN 0125 
ISN 0126 


ISN 0128 
ISN 0129. 


1 SN 0130 
ISN .0132 . 

I SN 013 4 
ISN ,013 5,. 
ISN 0136 
ISN 0137 
ISN 0139. 
I SN 0139 
I SN 0140 
ISN 0142- 
I SN 0143 

ISN 0144 
MSN 0145. 
MSN 0146 
ISN 0147 


MSN 0148 

I SN 0149 

ISN 0150 


GC TQM 307*3Ce> iSFLAG . — ... 

30 8 READ (5 , FRHT, END-332 ) $R *MA XT* HINT ,LA I , R AIN , 0 L 
GC TO 309 

309 COYER- LA I /CV ~ 

I F ( C C V E R • G T • 0 • 0 ) CAYT = CAYT ♦! 

IP(COVER.GT.I.O) CnVER = UOO ... 

If ( CAYT-DT ) 333 ,333 ,310 

310 IP (COVER • LT. • 4 ) COVER 3 #4 


IP TcmpuraTURE IS IN OEGRFFS P, 

PLACE CONVERSIONS T«C T-32.0 )*5./9 . FCR 
H IN AND MAX HERE. 


333 M4XT*(MAXT-32.0>*5./9. 
MINT =131 NT^2*.01*5t./5._ 


...C . ChECK FOR IRRIGATION 

C 

I c ( IRRCHK.EQ.O) GO TO 361 

U 1*0 ( 1 1 ) . EQ .MMO,. AND .J DAY l ILU £Q*J J JJ.« AND* IVR U11.^5Q. fc 
*60 TO 363 
GO TO 361 

_3.63_? A I N-KA IN ♦ IRR (I D _ 

II- I I ♦ 1 

361 RAINER AIN *10.0 

RA IMEW-RA IMR AINOL 

F A I NOL-R A I N 

IF l 0AINEW.LT. 6.0) GO TO 311 

, FLAG =0 

EST-O. 0 
COUNT-2.0 

„__J1 Ul .^PrOMMAX T>f I NT Uh .0 — 

SSD-OE LT A ( THP ) 

GO TO (314*312*313,314 ) , SCYSOR 

C~ CALCULATION P OR "grT W I NG ~D EG RE E~Td AY S (GOD) 

C FOR CCRN ONLY 

“ * Bl4~~f MAXT^MAXT 
FMINT* M INT 

^ E£ , AXT*((9./5*)*FMAXT)*32 .... « . — 




PAGE 005 


'IS N 915 1 , 

p;m ots? 


i s v »n » 4 

L$M >156 


iss 015? 
t $M 0158 

ism 0160 
ISN 0162 
m ou5 
W 0U>5 
! SN 0166 
ISM 0167 

tsv 0168 

isn 0170 


F M I NT- 1 t ° /5 m) * C MINT } >2Z* .. ' . „ 

if f FM/xr.nr,£6.) F^Axi-es. 

IF fI-^lNT.lT.50.) FM IN7=59 . 

_ __ CDO = f r «A XT//, »FMlNT/2.)~50. 
tcoc*Tnar>GD{) 
lFiSOYSnR.NC.AI GO TC 312 
1 rj ^ » ,S Q . P M C .AM). J J j . c C . PC AY t GOCBCN^ 1 
I Ft STAGS- GT. 5 1 GO TO 312 
IFfGnD*\GN-n 212,162,312 

362 CALL CT I <FF ( TC-HD r QP TN , GOOMO r GO DO AY , STAGS . J J J , .GDDVA t ) 

GC TO 312 

313 GO T n { 312,215) , IF LAG 

31 5_ \P { 6>MD. 50 . PMO. ANO^.OJ J .HQ.P OAY) ftMT^l 
IF ( BMT- 1 ) 312,316,312“ 


F CP h FEAT ONLY. 


ISM 0171 
ISM 0172 


316 TX-VAXT 
TMMIMT 


CALL BIO HFTFRLCGICAL TIME SCALE SUBROUTINE 


ISN 0173 


’ CALL CLCKER ( CQfcF , TN » T X , CL , TCAY , K , MULT » T ACC . CLOCK , KMC, J JJ , YEAR, 

* RTFLG , 0 I F F , 5YR , SMO , SDA Y , SC L(C, I COUNT , R FLG ? KAY , 

* PTACC1) 


CALL OF SUBROUTINE TO CALCULATE POT EVAP. 


ISM 0175 


’ll 2^C ALL PDTE VAIL A I ,SQY$CP , RN , SR , AL°HA ,SSD , EG, DAYT ) 


ISN 0175 
ISN 0176 


T I a T I-ET+RA IN 
I FIT 1 •GE.KFLCCP ) TI=MFLOCP 


IF POT 5V A P IS . ZERO ALL EVA? ARE ZERO 


ISM 017B 
ISN JIHO 
ISM 0101 
ISN 01P2 
ISM 3163 
ISN 0165 


IF c ECUGT •0.01 GO JO 3X7. 
EP x 0.0 
ES x O .0 
; T *9.9 : 

12-0.0 

GO TO 318 


CALL TRANS P l RAT IGN SUBROUTINE 


31 7 C ALL TRAN SIT I , «XH20 , T V , K S , L A I T T T AL PH A ,'RN ,S$D , COVEP ,TAU , ALPH AV, 

VORY , $OYSCR,T2ftG0o, TACC , FALLRT) 


calc soil evaporation subroutine. 


CALL EVAP t FLAG, LAI, RN,EST # ES,U, CNST, COUNT, SSO, DRY, COVER, DAYT, TAU,- 
♦SOYSCRI 


u 


co 

ON 




Q 

0 



PAGE 006 . 

• 

^ — , 

15N£ 0187. , 

PNS=TAI!*Q\ : 



• 


c 

C CALCULATION CF / EVAPORAT ICN 

C 


* 

v 'l ; 

ISN Q 1 8 8 

GC TO 1319,320, 321,319), S0YSOR 

C 

C FOR SOYBEAN 



o 

ISN 0X89 

C 

320 IF (MAXT-31.) 322,316,318 

r 

* 


^ i 

ISN 0190 _ 

C FOR WHEAT 

C 

321 IF tMAXT-27.) 322.323 ,373 



m { 

C 

C FOR SORGNUf CR CORN 

C 



i 

%i 

ISN 0 L 9 1 
ISN 0193 
ISN 015 4 .. 

319 IF ( KS * L T • l . 0. CR . HAXT . L t . 33.0 ) GO TO 32 2 - 

GO TP 323 

322 A =0.0 ..*.... 


- 

• 

ISN 0193 
ISN 01C6 
ISN 0197 

GO TO 324 
318 A*.2S*T 
GO TO 324 



• : 

■;. t " .'' 

ISA 0198 
ISN 0199 
ISN 0201 

373 A=.1*T 

324 lF(MAXT.G6.-3.0) GO TO 325 
ES-0.0 

' 


0 

ISN 0202 
ISN 0203 

T-»0.0 
A’ 3.0 
C 



• 


C CALCULATION CF Ta ANSP IR AT I CN, PCT*EVAP RATIO 



: '..T — 

• ' 

ISN 0204 

L 

3?5 TTCAS,LT. 1.0) A-0-f> 


• 

I SN 0206 
tSN 0207 
ISN 0208 
ISN 3210 
ISN 02 Li 
ISN 0212 _ 

T2*T2+A 

FT*tS>T+A 

if {f-n.rfl.n.oi r,Q rn 3?b 

v 


1 

t* {; _ - 

EQR= M>A ) / f*0 

GC TC 377 
7? h FDP^n.ll 



%v ; 

1 l_ 

I SN 0213 
ISN 0215 
. I SN 021 1 

327 l FI Pr LAG . EC. 2 . AND. 0HT. FO . 1 1 GO TO 355 

1 F( S OYSOR . £0*4 • AN I) • GOD BGN. EQ . 1 ) GO TO 356 
GO TD 7?9 

- 


*r 


C 

C CUKMALATIVE SUHS CN OHTS BASIS 

r ■ 



*;! 

ISN 02 L0 
ISN 0219 
ISN 0221 

355 BMS^K 

I F( P Fl.G.f C* l ) 3M5> l 

TBSFtS^S . l)-TRSE(3KS. n+F0 .... ._ 



•i ' 

ISN 0222 
ISN 0223 

isn 0224 

ISN 0225 
ISN 0226 
ISN 0227 
ISN 0228 

ISN 0229 . 
I SN 0230 
ISN 0231 

T P S F ( 8 MS , 21 =T P S F 1 B* S , 2 > ♦ E S 
T HSF l 8 MS , 3 ) *T PSE { BMS ,3 ) FT 
TBSE CB MS ,4 1 =TBSt I RMS .4 ) ¥ A 



■- H *■- ■« ■ 

TPSFI MS , 5 ) =T BS 6 1 BMS ,5) *ET 
T 8 S c f & >! S , 6 ) » T B S £ I B K S ,6 } ♦ RA IN 

7 fiSF t BMS . 7 )«TB5EI RMS #71+ FOR . 



m * * 

. *■■ 

■ V 

• ! 

GO TO 329 

c CUMULATIVE SUNS CN COO BASIS 

ASA TCTRNf STAGE 1 1 ) = TCORN( STAGE • 1 l>EO 



TCfiRNI STAGE 1 2 )*TCORNI STAGE «2 ) *ET 
TCORN(STAGE,5>*TCOFH{STAGE.5JH»AIN 



• 



* 

* 

% " 






00 


, -1i III nil i mlitiSk4ddni ii 






V' 




^ C- . . - CUV MALAT I V'£ SU“S..CK^GNTHLY_fiASJ5, 


* 

1 

ISN 07 32 

C ;• 

3?9 EGA (CTR , l ) = cQ ft ( C TR , l ) *E0 



ISN 02^3 

EGA ( CTR, 2 ) * tO A f C TR * 2 ) 4-c S _ .. . 


; r^r. 

ISN 023V 

EGA I CTR* 3 ) = FCA CCTR >3 1 ♦t 


iS» 02 35 

cOA( CTR , 4 ) =EOA f CTR * 4 ) t A 


1,1 .. .-■ 

ISN 0236 

S0AlCT<t.5lsFC«(CTR.SH-ET 

m | 

[■■?■■•'■ 

rSN 0237 

EOA ( CTR ,6 )=5CA( CTR ,6) tRATN 

* 1 


ISN 0238 

E P A( CTR , 7 ) - EGA ( CTR , 7 ) +EOR 

l 



c 

) 

1 ■; 


C OUT PU LIMB 


l ■: ! 

I SN 023 Q 

L 

WR ITS (6,111 J MMQ f J J J f HfiXT, K I NTjT AU . RNS . SR . RN. LA I 


1 


*T,A»cT ,T1 , KS fTACCf TGOD 

\ 

1. • ; 

I 5K 0?90 

WRITS ( DISC) FS.T2, RAIN, LAI, £0 



ISM 02 A l 

207 CONTINUE 


r 

ISN 02^2 

1 

% , 

r> 

ISN 02A3 

I F ( MHO ,GT . 12 ) HMOMMO-12 


u . ■ 

i 

ISN 024 5 

GAY-1 

4 

r 

i 


c 

C CLTPUT AND INITIALIZE AT ENO OF MONTH 


i - 

r t 

I SN 07A6 

* WQ IT Ei 6, 11 2 T EOA (CTR, 6) 7\ EGA (CTR , V) »M= 1 ,5 ) 

% 

H 

I SN 0 ?47 

CTR-CTRU 


H 

ISN 0248 

206 CONTINUE 


* i 

I SN 0249 

T.G TCI 331 

v 

• •. 


c 




C FOR ENO IN MID HO NTH 


* i ' 


c 

% 


I SN 0250 

332 WRIT £|6 f 112) EOAlCTR ,6 ), (EGA (CTR f -M ) *9**1 .5) 



ISN 0251 

331 6NDPILH DISC 


1. r — 

“* ISN 0252 

IF ( LAYCMK.EO.U GO TO 500 

% 


ISN 0254 

REWIND DISC 


«; . 

ISN 0255 

DU 2C8 1=1.5 



ISN 0256 

206 CV\L 1 1 .) * ( THE MAX (1 ) *.3 ) ♦ I THEM IN ( I 1# - T ) 

* 

• » ■ ■ 


c . 


■v* 


C LOOP TO CALCULATE LAYER CONTENTS. 

% 


ISN 0^57 

C 

CtP= 1* 


5 ■•: 

I SM 0258 

RMS=i. 


H 

ISN 0259 

HMG=MO * 

% 


I SN 0260 

THAT *0 



ISN 0261 

THITtO 


/v- : 

ISN 0262 

tmap=o 


* ; 

ISN 0263 

THI F=0 


*, 

ISM 076 A 

thdt=o 



I SN 0 It 5 

T HOF'* Q 

* 

> 

ISN 0266 

ThETT^TIM 


f 

**■ j ^ 

ISN 0267 _ 

STAGE=1 



ISN 0268 ’ 

C G0 p GN = 0 * 

* 

■ [ 

1. SN 0269 

DO 20 6 1*1 » A 



ISN OTTO 

209 THAT*THEMAXUmVALl mTHAT 



ISN 0271 

00 210 1=1, A 

% 


ISN 0272 

210 7H1T=THEMIN( I)*2VAU i )^thit 


W 

ISN 0273 - 

THAF= C THEMAX ( 5)^600) >THAT 



I SN 027* 

THI r = ( TKEMN( 5)^600 J ♦TH IT 

* 


ISN 0275 

DO 211 MMM*M‘C,XM0 


V 

ISN 0276 

WRITE (6,103) TITLE 


* 


PAGE 007 



s 




0 

t' ' 

Q • 




page oob 


- 


I SN 0277 

W5JTC t A . 1 1 ft \ 





i-\ " 

0 

ISN 0275 
ISN 3779 
ISH 0201 

LtHeC5U> w O 

If! l *vn .60.2 . ANii».M n D I ( Y« f 1 J , 5) • EO. 0 ) L IP=29 
DO 212 JJJsKCAY.l IH 





•r - 

;»i 

ISN U262 
1SN 02.05 
ISN 0206 
VSN 07B8 
ISN 0290 
J SV 0251 

IFrsCYS3R.£0.5.4N0.MNn.EC»PKC,AN0.JJJ.EQ.PDAY) GDPBGN* l 
IF 1 SOYSQR. NE • 3 ) GO TO 500 
iF(HMT. c t}*n GO TO 500 





^ !-i r 

• H 

I ? { MMH. 4 PNC . AND. J J J * 6 C *Pfl AY) BNT*1 
500 RE AO (CISC, fcNU=5Q?I ES »T 2 » RAIN » LA I » EG 
TAVA ILsTHFYt- ( 500) 



- 


CH 

ISN 02^2 ’ 

7 S.U 0254 
t SN 020 5 
I SN 0296 
ISM 0257 

ism a? os 
I-SN 0300 
ISN 0302 
ISN 0305 

trlSQYSOP.Fq.5) GO TH 511 
KS = TAVAU/{FAURT*MXH2C) 

or tn 512 ' _ 




V 

•o 

511 RAT 10= TAVAIL/HXH20 
KS =2 .16* RAT 1C 

IF ( p A? 10*0? . - 7 S ) KS*] . 3?**R AT iMf - ?L 





•H 

I F ( RAT 10. GE . • 50 ) KS* , 26*RA T 10* . 75 
512 IF <K$.GT«l) KS=i 

IF ( KS .LT.0.0i KS^O.O 





0 1 

I SNU3C6 
ISN 070* 
ISN 0309 

IF (T2.LE.0-1 KS*0.0 

n-T?^KS . 

ETaT3.fES . . .. __ _ 


- 



,-i*' 

•fj: : 

ISN 0310 

C 

CALL DISTRIT3,TVAL,KVAU»KVAL2,LAU 





i 

0 

•. > .; 

I SN*03U 
ISN 0312 
ISN 0313 

VPUNUFF-O.0 

PRAJN-0.0 

CALI CAY l m-EVAL.2VAL. DRAIN. GO. THEHAX1 





a ; 

• . i ' 

ISN 0315 
_LSN..0316i 

IF (RAIN.EC.O.)GO TO 501 

C ..... , 

CAM C AYfi f TFFVAt tRA IN* 7VAL f RUNOFF, r.OpTKPMAYl 





• j: 

ISN 031? 

ISN 0310 
ISN 0319. 
ISN 0370 
ISN 0321 
_I SN. 0 322. 

c ..... 

501 r.A 11 Mflia fTFFVAT r FN t TVAI . 7VAI . ThFH IN 1 






~~ C O... 

T HETT-THcVAL I D +50 

7HFTT = ( TH FVA t 12 \*7 5<V1 + TH C TT 


‘ 



• ! : 

I t 

THE TT= ( THTVAL ( 3 ) *300 1 * THtTT 
■tHSTT* (ThEVAL15)*3O0) ♦ THcTT 

T>nf = t fWA t^tff ft V / { Th A T-TH I T ) TOO - 





■ — 

:'i 

ISN 0323 
ISN 0325 
. m 0325 
ISN 0?27 
ISN 0229 
_ISN 0331, 
I SN 033 3 
ISN 0335 
_JSN 3235 

TH=TT=(THFVALI 5) *600)+THETT 
TH0F=t THAF^THETT)/ (T^AF-TH IF J* LOO 

if r THhT.nr. ton .m T?nt sion.o 




* 


~ IF ITKCF.GT.100.0I THOF=IOC.O 

1F1 S CY S G R • E 0 • 5 . AMO • 0 • E C • F KG • A VO . JJJ.EC.PO AY i‘ TCCRNU f 6 ) =TH0F 

if rrn.rVF.n.Tn go to 50 ? 





„;i 

. »<l : 

T FO = 0 • 0 
ETEO=U.O 

nn Tn 4nv 


• 



H*-*"- 

• ': 

!' i 

ISN 0336 
ISN 0337 
ISN 0338 
ISN 0350 
ISN 0752 
.ISN 0353 
IS* 0755 
I SN 035? 
ISN 0358 

502 TcC=T3/E0 
ETEG=FT/EC 

50 ^ triton ag-fo.?. amh. hmt.fi. n on n 505 





4 

■ M 

1 F { 5CYSCF .£0.5. AND. CCD EGA. EQ • t ) GC TC 500 
CO 70 505 

505 IFf OM n.FO.71 GO TO 506 




. “ 

* ;;; 

s , 

I Ff j JJ.EO. SO AY{ 3 M 5 ) . ANC.^ M C.EO.SPQ ( BHS I 1 8HS-BMS+1 
506 TBSEt RMS » 8 }-TB$S I 8 M S * 3 ) +-T3 
,__..TbSElBPS > 9)=.TBSE.fBMS,Nlf£T 








wmm % i 

,,.± 
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ISN 03*9. 
I SN 0 150 
r 5 <m 0351 
r SN 0352 . 
ISN 0353 
I $v 0 354 
JSM 0356 . 
TSV 0^58 
l SN 0359 
I SN 0 360 
ISN 0361 
ISN 0362 


:T«S£U :M S » 10}-=TSSEt8 w S» I0 ) * TEQ 

Tt3 $ F IS M S , ] H « Tf)SE T 8>S * 1 1 )>£ T EG 
T d S H ( V4 S , 1 2 ) -TBSS ( RMS, 12 )*KS 
, TBSF ( B^S rl3irT6SE(S w Sfl3 ) »T 2 
GO TO 405 

T Ft STAGE. GT.5) GO TO 410 

_ I F l GCC »r-i STAGE EQ. M*0>AM) ,£OPO_AJ£ CSIAG £J .13,. J.J J V GO 
GO TC 410 
STAGE “STAGEf 1 

TCQ.RNf STAGE, 6)=ThOF 

TCORNT STAGE, 4 ) = TCORNN STAGE ,4 > ♦TEO 
TCORNT ST AGF,3 T^TCQPN (STAGE *3 I > T 3 


OUTPUT LINE 


ISN 0364 
ISN 0365 
ITS* 0366 
I SN 0367 
ISN 0358 
' i SN 0369 
ISN 0370 
ISN 0 3 7 L 
ISN 0V2 
ISN 0373 
ISN 0374 
ISN 0376 
ISN 0377 
ISM 0378_ 
ISN 0379 


WR t T F'( 6 U 3 ) ■ . P M 0 * J J J , THE VAL j TVAi jRUNCf F ,ORAiNj ThET T ,T3 »£T >K$« 
*TKDT » T HO F 

EOA ( CTR *8 )-ECA(CTR*B)+T3 

EOA (CTR , 0 ) =ECA ( C TR , 5) >ET 

EGA t CTR. 10 ) = EOA I CTR, 10) <-7EC 
£PU CTR ,11) * EGA C C TR ,11 ) ♦ ET EC 

EOA (CTR, 1 2 ) = EOA l CTP- , 121+RUNCFF 

‘EGA l C tr , 1 3 ) = EC A l CT R, 13 I f CR A I N 
CONTINUE 

WP IT F( 6 * 1 1 4) EnAKTR.12) ,E0A(CTR,13) ,F0AICTR,8) , EOA (CTR, 9) 

CTR = r TR< 1 # 

6A\I=M^0+L 

I F C NHO *GT • 12 ) HM0*MM0-12 

KTA Y= I 

CONTINUE 

GO TO 500 __ ___ 

HPJ TE< 6,1141 E OA ( CTR » 12 I rECAfCT R , 13 ) ..EOAiCfR. 8) , EOA< CTR, 9) 


SL M NARY PAGE 


i :.-[*■ 


ISN 0380 
I SN 0381 . 
ISN 33 A 2 
ISN 03*3 
r SN 0184 
ISN 0385 
ISN 0306 
ISN 0JR7 
I SN 01 Gd 
I SN G 3 8 9 
ISN 0 V°Q 
ISN 0392 
ISN 03 c 3 
ISN 0394 
ISN 0396 
I SN 03° 7 
ISN 0303 
ISN 0109 
I$N 0400 
I SN 0401 


WRITE (6,103) TITLE 
w 9 1 t E ( 6 i 117) ■' 

CTR=1 . 

M ^0=H0 

OH 213 MMM^MC f KHG . ; . : . : : 

WRITE! 6, L 1 8 ) » MO, (EOA(CT fti M) |h = 1 , 1 3 ) 
or ? L4 J ~ L ,1 3 

TSnA { J ) -TEC A U M-EOA ( CTP , j) \ ■ ■ ■ - ■ . ’ ; 

CTV=CTP>1 
1 

I F ( MP 0 . G T * 1 2 } MHO »MM 0-1 Z _ X 

CONTINUE ’ ’ ‘ . 

WRi T E (6, 115) ( TEOA (MI ,M*1 f 13 J 

TF(SoysnR.E0,4) on to 502 , 

IF (BF LAG-2,) 999,501,999 
WRITE (6,120) 

no 215 J — l. , B M s . . , 

WRITF.(6,I23) L8("j) • U P ( J ) , t T eSE( j )*M* 1 , 13 ) 
on 716 Me 1,1 3 

TOfOA ( N ) *T QGGA I N ) ♦TBSE ( J ,N) 

CONTINUE 
CONT INUE 

HR1TE{6,122)_CTBE0A(N) ,N«1,I3) 




PAGE 010 


M 

if 




ir 


n 


m 

3 


iSN G4C5- 
ISN 0406 
I SN 0407 
ISN G'.CB . 
ISN 0409 
ISN 0410 
ISN 0411 . 
ISN 0412 
ISN 0413 
ISN 0414 _ 
ISN 0415 
ISN 041? 


-WRIT El* t 1271- 
GO TO 99 9 


.iKA^U)^C4iCU4^SmU1^0AYU-l-t S Y f U i l. -+4a l y K|- 


5 02 WRITE! 6, 126) 

00 503 J= L . STAGS., 


W° TTET 6,125) CCRNB ( J ) « (TCORNtJ ,K) ,K*l,6) 

00 504 K a 1 » 5 

STCORNt $ ) * STCCRN l Kl f tCCRM J » Kl_ — 

504 CONTINUE 
503 CONTINUE 

„._XRIT El & ,1 31) l STCORN ( K) ,K» 1. 5) 

1 FI STAGE. GT, 5) STAGE'S 


WRITE (6, 130) IGODMOI J) ,GCOCAY(J) , YR ,GDDV ALl J ) ,J»1, STAGE) 


INPUT /OUT PUT FC P MATS 


ISN 0418 
1 SN 0419 
ISN 0420 
I SN 042I_ 
ISN 0422 


100 .FORMAT 1 20 A4 1 .. : 

101 F CR u AT ( 1CA8) 

102 FORM AT ( 5F 10 • 0 » 6F5 • 0 1 

L0JLXCR M 4T. _(! 11 * 20Xt20A4 


104 FORMAT { 'O’ * 19X> * MAXlVIjM AVAILABLE WATER (MM). ...... ... 1 • 

F 10. V, //, ?0X f •THETA FU? V (15 BAR i... • ♦ 

FI 0.4t / / ? 20 X f 1 THE T A INITIAL IN 5 FT . PROF 1,LE ( *M ... . 

Ft0.4,//,20X,» THETA SUB 5 CM. LAYER. • •• .............. '» 

F 1 0.4*/ / » 20X f • U (MM) .. 

FI 0. 4 1 / / , 2 0 X , * ALPHA ( P-7 ) * 

F 1 0.4 » / / » 2 0 X . * FALLRT 


F10.4*//»20X, f SOI L CONSTANT l MM OAV TO ~l/2 I ... # 

Fit C. 4 f / / * 2 C X , * X SUB 5 ( INIT. WATER C0NTENT_JN_5_^ii._LAT-EBjj!LT_..JL 

F 1 0, 4 . // i 2 OX t 1 F IELH CAPACITY..*....... . * 

F 1 C . 4 . / / » 2 0 X » * 3 M T S MULTIPLIER. . 1 

F10. 4 ) 


ISN 0423 


ISN 0424 


ISN 0425 
ISN .0426.. 
ISN 0427 
ISN 042$ 


105 FORMAT ( *0 * 1 19 Xt • PLANT I NG GATE. 

* * • • * , 20A4 ) 

106 FURMAT 1*0 * , 19X, 1 FIELD /LQC ATI CX. . 
*• ..* ,2044) 

107 FORMAT ( I 2, IX , 12. IX, 12) 

_108. FORMAT ( 15F5.0) . 


ISN 0429 


109 FORMAT (RE 10. 4) 

110 FORMAT ( A////////, 9X,*MAX MIN TAU 

_♦ ‘LEAF* .1 6 X , 'PCI. ... v .. SC IL „ . T «UN .. __ 

♦ • Mfl DAY TEMP TEMP » , 8X,» RAO. RAC RAO 
•RAIN EVAP EVAP EVAP EVAP FVAP THETA* ,6X, 

.^*3 X, ♦ EMTS GDD * , / , OX , • 1 Cl 1C) S8X.ULYSK __(LYSJ — (L.Y5J 

♦ flX, » (MM) * t ' ( MM ) (MM) (MM) (HM) (MM) (MM)*,/) 


RMS SOLAR NET V, 

3XIAL1,11X«_1X£*«/^ 

AREA COVER 


l U FCSM AT ( • • , 12 , 14, F6 . 1. F6.1 , F6 . 2 » F7.2 , F7 .1 , F 7 .1, F6. 2. F 6. 2 , F 7. 2 1 
*5F8.3tF8.2,F6.2,2XtF4.2tFr.I) 


ISN 0430 
ISN 0431 
„,ISN Q4 32_ 
ISN 0433 
ISN 0434 


112 FORMAT C»0T0TALSS5lX f F7.2,5F«.3) 

113 FORMAT ( IX , 12, I3.5F6.3 , IX.5F6.3, 2F7.2,F8.2t2F7.2*F6.2.F6.l,F7.1) 

Jl 14 FOR M AT { *0 TOTALS *j60X, 2F7 , 1 ,8X, 2F7. 1 ) — 


H. , 


115 FOflWAT t8(3(2,FR.2l ) 

116 FOR MAT ( /////« l6X*'ThETA VA LUES * , 1*>X , • TR ANSP 1<UT IC'J • ,//, 

»\ MO .DY • »5( IX* •LAYER’ 1 »iX, 51 IXt' LAYER*. ) . * __RNCrJU_, 

«• DRAIN THETA TRANS TCT. <S OEPL. CSPL.',/, 

»PX,2( ' l*,5X,'2' » 5X , ' 3 ' ,5X, •*',5X»'S« ,6X) ,20X, 

<*• EVAP.. £V AP > // t6Xj2 1 Q-5.___5-30-3V-6Q_fe0^3.Q 9Q-1B0’ 1.15X., 

*'0-150' ,23X, *0-90 0-150'*/, • 

*7X, 21 ' CM CM CM CM CM • ) , 

<l (MM) . IP Kl ..CM (MM) (MM 1.1.9 X.2.CM CM'.iJ 


0 \ 


& 






- -I- - 




PAGE Oil 


ISN_0435. 


ISN 04 36 
ISN 04 37 
ISN 043B 


1SN 0439 
ISN 0440 
ISN 0441 


I SN 0442 
ISN 0443 


I SN 044 A 
ISN 0445 
ISN 0446 


ISN 0447 
ISN 0448 


_L LX ,* C R M AT t/7 / //////, ilXf-lPQT * SQII JR.AN A ICIAI tL Al HL* 

** PATIO TP AN TOT. RATIO RATIO*,/, 

4. ncnTh uVao evap evap Eva p evap (kmi • , 

: i • T/cC) _ EVA® (^1 _ EV AP I2 ). _T3/E0 1 ZA ET/EO( ? A P US-TEE DRAM 

~ : * AGE * , / ) 

118 FORM ATI' *,14 , 4X , 7 t F6 • 2 » I XI ,6 1 3 X » F7 . 2 1 ) 

1 19 FORMAT ( * Q TGt,_ » t 7F7.2 f lX »6(3X y F7.2 )) . : 

‘ 120 FPR^Ari /////»* AMTS POT. SOIL TRAN A TOTAL PAIN', 

* » RATIO TRAN TOT.; RATIO RATIO RATIO', 

*' POT*,/, . ___ ... . , ' ■. 

'*• MONTH EVA? EVAP EVA? EVAP EVAP (KM) • , 

<r ' T/FO EVAP 12 ) EV /P 1 2 J T 1 / E 0 1 2 ) ET/E012) T3/T2C 2) ' , 

. ;= « • TR ^N( 2 ) V, / ) ■ • - ■ . . . . ■ ; , . .. .-V: 

122 *F CR M AT ( * 0 TOT. « ,7 FT . 2 , IX ,6 ( 3X, FT. 2 ),/) 

123 FORMAT ( » • ,A4 f A2 ,ZX,7(FA .2, IX) ,6(3X t F7.?) ) 

12 ( FORMAT (// , t • EMERGENCE CATE ( PMTS = ' ,F4 .2 r *_ DAYS** ,13 , I 2 f 

*'/♦ , 12 ,'/ » ,12, /, * JOINT ING CATE C3HTS*' ,F4 .2, * DAYS*' , 13, ' )...* t 
*1 2, ' / ' VI 2 , * / ' ,12, / , ' 8G0TI NG 0 ATE ( RKT S = *,F4.2, ' 0 AYS*', 13, 

* * ) . . « , I 2 ,*/ • , 12 , */' , I 2, / , L M5A01 NG 0 ATE (?H TS=* , F 4.2 • , * PAYS*':, 

* 13, * ) . r.‘, * , 12, V, 12, V/' , I 2 , / , * SOFT ’DOUGH DATE 1 3HT5* • , F4 . 2, 

0 A Y S - ' , 1 3 » * ) • * , 1 2 , * / ' , I 2 * ' / • ,12,/,' RI?E CATE ( RMTS* ' »F4 .2, 

* V ; CAYS-* , 13 1 • ) ....... T, 12 1 * n , 12, */ :» 12j7 

121 FORMAT ( I 2 t 2X , 2 1 2 ) 

128 FORMAT!/////, • GROWTH POT. TOT* TRAN RATIO RAIN', 

> ' « beginn ing* * /, 

„ — # STAGr . ^ - Fv ^ p ‘" E vap EVAP2 T3/EC2 (MM) ', 

W 'DFPL.' ,/> 

131 FDR u AT(«0 TOTALS' ,4X,5F7. 2) ^ " ' '' : ' , ■ ' : 

~ 129 FORMAT (' V.2X,A V,lX.5( i X » F £ . 2 ) , 3 X » F 5 • 1 ) ” 

130 FORMAT (//, * STAGE 2 REACHED ON ' , 1 2 , * / S 1 2 , » /' , 1 2 , ' , GOD * ' , 

F7 • 1 , / , __ _ 

STAGE 4 REACHED CN * , 12 , , I 2 , * / ' , l 2, * . GDP * * ,F7.1 ,/, 

* * STAGE 5 REACHED CN • ,12,*/' , 12, '/' , 12r *, GOD * ' , F7. 1, / , 

*« STAGE 6 REACHED CN * T I 2 . « /* . 1 2 , ' /' ,12,* , OD D * 1 yf7 .1»/_> 

»• STAGE 10 PEACHED ON • , I 2 , * / ' , 1 2 , * / * , I 2, * , GDD * • ,F 7 .1 , / , * I ' ) 

999 RETURN 

END. v 





L— SYK 

u - A 


h **r OR TRAN C ft G S S REFERENCE LISTEN G***** 
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B Cl_ I ME R N AL~$I4TEKEflI— NUMBERS . 


0194 0196 0198 


• 1 

CO 96 

00 >5 

yi J , 

CCC6 

G059_ 

) 4 i 

0095 

0103 

•>* 

0405 

0405 

!• . .K 

0006 . 

0024 . 

.r 

GvJ 46 

CO 4 7 


C390 

0399 

j*— N 
h T 

- 0006 

.0400. 

0002 

0182 

- H <j 

CC67 

0070 


0099 00^9 

004 l. 0042. 
0103 0103 

0408 040$ 

.0218 0405- 

CO 5 l 0 C 59 


0206 C2C7 
0099 0099 

0043 _ 0045 . 
0103 0366 

0409 0411 

_Q409 04C9_ 

0060 0246 


.0006 .,.0)06 0.3 13 0316 

0002 0032 OC 67 0120 

0002 OUT 0173 :■ 

0;C6 .. 003 3 . CCP8 . ,0125 
0174 0178 0180 0203 

0181 0166 0201 0207 

. 0C02 _ 0020 0175 0207_ 


1 1 

CCC7 

0015 

013 2 

0132 

0132 

KS 

0001 

0025 

0185 

om 

0204 

L9 

3003 

0)33 

0390 



MO 

* 0C74 

CO 7 7 

0C75 

0107 * 

0259* 

RN 

0174 

0185 

0136 

0167 

0235 

SR 

0117 

0119 

0174 

0239 


T I 

0073 

Cl 75 

0175' 

Cl 76 

"cur 

TN 

C002 

0172 

0173 



TV 

0C67 

00 70 

0185 

,..029 i_ 


TX 

0002 

0171 

0173 



T 2 

3002 

0030 

0103 

0185 

0206 

T3 

CCC3_ 

.030 8 _ 

.0309. 

—.031 Q— . 

„03 36_ 


0C67 30n 0105 


.0401 0404 0404. 

0198 0202 02 C 7 


0221 0229 

0233 0239 

J) 230 0236_ 

0135 0136 

C239 0294 

~0275 0383 ' 


0185 0239 


0206 0240 

-03.47 036 2. 


02 10 0224 0235 0239 

CC99 CC99 0255 0256 0256 0256 0269 0270 0270 0271 0272 0272 

C36 7 0387 0387 0398 0399 0399 0399 0401 0405 0405 0405 0405" 

04 L 7 0417 0417 0417 C4 1 7 

-0409 0413, .0411 OAU 04 11 0414 0414 04JL4 21 1 - . .. 

0246 0246 0250 0250 0250 0385 0385 0385 0393 0393 0393 0399 

-0404 l-i— 

0210 0223 0234 0239 


0232 

0239 

0240 

0290 

0240 

0290 

0309 

0317 

,C23?_ 

_03-£9_ 

-Q332- 

0343 

0136 




0257 

0298 

0300 

0302 

0384 


C290 0306 0308 0352 

-036 3 03.64 


•r’ um 
f i . 

0033 
; 0 C6 7 

0033 
00 70 

0399 

C 1 05 





'« YR 
• ’ BHS 

0006 

00 74 

cceo 

01 ll 

0114 

C 2 79 

04 17 

0006 

0029 

0218 

0219 

0219 

0221 

0221 0222 

4 . 

} — . 

0256 

. 03 4 3_. 

.C34 5 

0345, 

_Q345_ 

-0345— 

_034 7 034 7. 

BMT 

0)06 

0326 

0169 

0170 

0213 

0286 

028 S 0338 

• • CAL 

CCCo 

0)06 

OLIO 

02 78 





— < OtJCo.. OJ2 7- D232__* 


.C 233 ._C 233 __ 0234 _- i 


•i 

0247 

025 0 

0250 

0257 

0364 

03 64 

0365 

0365 

0366 

• "1 

0271 

0372 

0 372 

03 79 

0379 

0379 

0379 

0382 

03 85 

H DAY 

0006 

00 74 . 

, 00 75 , 

.0113- 

— 0245__ 





‘ DRY 

0185 

0186 








r H FCU 

0002 

0051 

023 2 

023 2 

0233 

0233 

0234 

0234 

0235 

U' 

0250 

0364- 

-.0364 _ 

—0365- 

03t5 QKiti 03.t&_ 

_Q367_ 

-03.67- 


ft 0 379 0 3 99 C3 8 5 C 

U 1 EOR 0G02 0210 0212 0 

-1.. E ST „GC19_„ 0143 .0186 

GOO 0156 C 1 5 7 

t w C 0007 0099 0132 

u IRR .0008 CO 59 , 0135 ... 

vi IYR 0007 GU55 0132 


JJJ 

0113 

0114 

0132 

0160 

0165 

0168 

0173 

0239 

0281 

0282 

C288 

KAY 

OOC4.. 

0)04. 

017 3». 

. 0405 








KMC 

0C76 

007 7 

CC77 

CO 77 

C1C7 

02 75 

C3e4 





LAI 

0002 

0117 

0119 

0120 

0174 

0105 

0186 

0239 

0240 

0290 

0310 

L1M 

.QUO 

0111 

0113. 

02 78 

. 0275— 

0281. 










o 




PAGE 013 


SY^ftCl 

IOC ... 

r.STTPf 

„^.CCC«M 

<Al : STAlfM-MT 
.0 J65.„ 0072_ 

NUMB HRS 




», MMM 

0107 

027 5 

C3F4 






*j MMC 

0079 

0110 

01 1 i 

01 L4 

0132 

0160 

0165 

0168 


0236 

0129 

. 0345 _ 

U?56_ 

.0363 

_J3373 

J)373_ 

*0374 

‘ ~ MOD 

eni 

02 76 







P*C 

CC06 

CJ96 

0104 

0160 

016 8 

0282 

C268 

0329 

RNS 

QUO? 

DIB 7 

. Q?3 CJ 






S M C 

J 305 

004 t 

* C 1 73 

0345^ 

~C4C5~ 




t SSD 

0146 

0174 

dins 

0186 





) SY^ 

_0005 . 

0 34 0 

C l 73 

040 5,_ 





, TAU 

0002 

0031 

0185 

0186 

0187 

0239 



r p c 

0333 

0336 

0349 

03 61 

0366 




. tin 

0C67 

0070 

0073 

0266 





t TMP 

0145 

0146 








Cl 2 1 0125 017V 0166 


\i DISC 

JO 06 

0 >06 

024 0 

; 0251 

0254 

0290 












- 

• ; fcTEO 

0334. 

013 7 

0150 

C367 













- 


• rvap 

01 PC 


















r L AG 

C006 

0100 

0105 

0142 

0186 













- 

; FR«T 

0010 

0)66 

CM 7 

0119 















* ; ICAY 

00C7 

00*59 

013 2 
















/i KDAY 
1 r ~MAXT 

0 C 75 

0281 

..0376 
















0002 

Cl 17 

Cll° 

0128 

0128 

0145 

Cl 4ft 

ot n 

0139 

0190 

0191 

0199 

0239 






* HIM 

J 30? 

0117 

0119 

0129 

0129 

0145 

0149 

0172 

0239 










, Muir 

0002 

006 7 

CC 70 

_ Cl 73 _ 















} »t OPTN 

0011 

0103 

C165 







V ■ 








* 

* , 1 PC AY 

0006 

0056 

0104 

0160 

016 6 

0282 

0288 

0329 











j v ‘ RAIN 

01 17 , 

0119 

0135 

0135 

Cl 3 7 

0137 

0138 

0139 

0175 

0226 

0231 

0237 

0239 

0240 

0290 

03 L4 

0316 


2: R r LG 

0005 

0016 

0173 

0219 















srtx 

0CG5 

C J43 

0173 

0405 















*, SC AY 

0035 

, GO 1 2 

C 1 73 

0245 

0405 














T ACC 

0002 

0023 

0173 

0185 

C239 














V TBSE 

0002 

0047 

0221 

0221 

0222 

022 2 

0223 

0223 

0224 

0224 

0225 

0225' 

0226 

0226 

0227 

0227 

0347 0347 0348 



0348 

OHO 

034<5 

_ 03 5 CM 

C?50_ 

_035i__ 

_035t_ 

C352_ 

_035_2_ 

0399 

_04_0.1_ 






- 


h TOAY 

0002 

0173 

















b V. TECA 

0002 

0054 

Cl 3 7 

038/ 

0153 














V- T COD 

COC 2 

00 ’8 

0167 

0157 

0165 

;J185_ 

_0239^ 












i‘V that 

0CQ2 

0262 

02 7 3 

0324 

0324 














THAT 

0002 

0’6J 

0270 

02 70 

C273 

0322 

0322 












r‘L THOF 

0002 

0365 

0324 

03 27 

0327 

0329 

jmo. 

0363 











n ~thdt 

C0G2 

0264 

0322 

0325 

0325 

0363 













%l ‘ THIF 

0002 

Q263 

0274 

0324 















, i TUIT 

0002 

0261 

,02 72 

^ 02 72 

07 74, 

G322_ 













TVAt 

0002 

0310 

031 7 

C363 










- 





^‘{ YEAR 

0CC5 

3080 

0114 

0132 

0173 














TV - iVAt 

0C02 

000 2 

02 70 

0272 

_0313_ 

_P_3_1_6 

_C3 17. 












r- alpha 

0067 

0070 

0174 

01 B5 















■%.' ' BF LAG 

0006 

0093 

0054 

0116 

0167 

0213 

0328 

0356 






- . 





N btflg 

CO 05. 

. 003 5 

01/3 


, 


___ 












* 




PAGE 01 A 


• 

|X; 

$Y M i'CL 
..CLCCK .. 

INTfPNAL STATEMENT NUMBERS 

. 00C5 0337. 0173 . . __ __ .. . . __ _ __ 


o 

- H 

CCPNB 

0014 

0014 

0409 

* 


% 1 

C.CUNT 

002 1 

0144 

0186 


* 

: : V"' 

COVER 

0120 

0121. 

Q1 23-10123 0 0126 0126 0185 0186 0239 



- . i 

DELTA 

0146 





• * i 

t t 

OISTR 

OHO 




* 


0016 0312 03 13 . 0362 _ Q3 69 _ 

0002 0067 0063 

C LAB 0160 0160 0152 0152 0156 

. 0 14° . 3 L 5 L — 0 151 0 15 A 015 A CL5fe_ 

0011 0103 0165 0356 0A l 7 

0002 0002 0210 

0002 0002 QUO . ,1 , . 

0317 

0002 0067 OC 70 0185 0294 0296 

0006 .006 0071 

C296 C2S7 0293 0208 0300 0300 


STAGE 

0011 
0 362 

0061 

0362 

0162 

0403 

0165 

0415 

022 Q 
0415 

0229 

0417 

0230 

0230 

0231 

0231 

0267 

0354 

0356 

0356 

0359 

0359 

t pen a 
V I CORN 

0002 

0013 

0056 

0060 

C.4G1 

0229 

04 01 
02 29 

0404 

0230 

0230 

0231 

0231 

0329 

0360 

0361 

0361 

0362 

0362 

0409 

0411 

< THFTT 

GC02 

,.026 6 _ 

0291 

03 IB 

0319 

J33 19 

_ _C3 20 

_0320_ 

0 3 2^1 

0321 

0322 

0323 

0323 

0324 

0363 



THlF 0006 0063 0C69 CIO* 0276 0380 

TP AN S 0 Lrt6 

41 PH AV CCR2 CJflV 0086 0090 0185 

CLCKER 0173 
CTlMfR 0165 

FALLRT.. 0006 006 7 OC 7 Q__C105__OZ9.4. 

OLCBC.N 0011 0062 0160 016A 0215 0268 0282 03A0 

GOTO AY COll 0103 0165 0356 0417 

GPCVM. 0012 0012 .0165 ..Q417__ H - H 1 .. - 

ICCUVT 0305 0733 0173 

IRRChX CDC7 0093 0097 0099 0130 

LAY OK CC°2 . 0252 . _ 

MHDCP 0007 0368 0070 0176 C176 

PTTEV& 017 A 

PTACCL. 0002 0034 017 3 .. . . _ - 

RAlNEw C0C2 0138 0140 

RAIN CL 0002 0017 013P 0139 

RUNG FT 0018 . Q31L _Q216 .. 0363 -G36 E _ • . 


SCYSCR 

0006 

GOBI 

OCR 3 

0101 

014 7 

015 8 

0174 0185 0186 0180 0215 0282 0284 0292 0329 0340 0394 


STCCRN 

0013 

0058 

04 L i 

0411 

0414 



• ( i 

T A VAIL 

_ 0291 

029 4 

: 02.9 






THEN AX 

0002 

0091 

0256 

~~ 0 2 70~ 

021 3 ~ 

0313 

0316 

. 1 r! 

THEM IN 

0002 

0091 

0256 

0272 

0274 

0317 

• ' 

• 1 )l 


GGQ2 0091 03L3 033.6—0311.,.. Q:Ua 0112 G32G._G321 03L23 Q3j63 


F OFT RAM 


C R OS S 


R E F E R 6 N C E 


L I $ T I N G***** 


PACE 015 


LABEL. 

DEFINED 

— FcFLR£KCES_ .... . 






IOC 

0 A l R 

CC6 I 0G6A 0C65 






10 l 

0** 19 

0066 




* 


102 „ 

0A20 

.... 0C6 7 






10? 

0A21 

0C69 0103 0276 0380 






10 A 

OA 22 

0070 






105 

CA2 3 

1071 






106 

0A2A 

VCl? 






107 

CA?5 

CC 7A GC76 CC81 0092 0093 0096 010A 






ioa 

OA? 6 

U0*1 






ICS 

OA 2 7 

9C9 5 






uc 

0A2 8 

0109 






1 1 1 

0A?9 

0239; 






U 2 

CA3C 

0? A 6 0250 






11 ? 

CA3L 

C?<? r-t' . 






HA 

0 A 3 2 

__ 0371 0379 






U 5 

CA33 

GC99 




*- . 


l L 6 

0 A3 A 

0277 






117 

CA3 5 

coat 






tie 

CA?6 

03 6 5 






119 

OA 3 7 

03 c 3 






12 0 

0A3B 

03S7 " ' ; . .. 






12 1 

0AA2 

0 L03 






122 

C<* 3 5 

OAOA 






123 

OAAO 

0399 






127 

0 AA 1 

0405 *“ " 






12 e 

04*3 

U AO r 






129 

CA45 

0A09 






130 

CA46 

OA 17 






131 

OAAA 

0414 






230 

CCAB 

OOA 5 






20 2 

GOA 7 

00 A 6 






233 

0)52 

: OOA 9 






20 A 

COM 

0050 






20 5 ~ 

005 A 

OC 53 






206 

02AB 

0107 






2C7 

02A l 

01L3 






20 e 

0256 

0255 






?Q 9 

02 70 

0269 






210 

0272 

0? 7 1 






211 

037 7 v 

0275 






212 

0370 

02*1 






2 1 3 

039? 

03 8 A 






2 1 A 

03E7 

0386 






215 

0 '*03 

D n 5 6 




*■ 


216 

0 A 0 2 

OAOO 







0056 

0055 






218 

OOA A 

0C35 






21* 

C060 

0057 0059 






301 

009 1 

0083 0005 0C89 




















/ 


MAIN / 


SIZE OF PROGRAM 003578 HEXADECIMAL BYTES PAGE 017 


NAME 

TAG 

TYPE 

ADO. 

NAME 

TAG TYPE 

ADD . 

NAMF 

TAG 

TYPE 

ADD. 

NAME 

TAG 

TYPE 

ADD* 

A 

SF 

R*4 

000 F 04 

I 

SF 

I * V 

300 FO 8 

J 

SF 


1*4 

000F3C 

K 

SFA 

I *4 

OO0F1O 

M 

SF 

1*4 

0CDFL4 

N 

SF 

1*4 

„:oofi8 

T 

SFA 


R *4 OOOF1C 

- IJ 

S C A 

»*JL- 

0 OOF 20 

CO 

SFA 

1*4 

001090 

CV 

SF 

P,*4 

0 OOF 24 

DL 

SFA 


ft»4 

009F28 

DT 

S 

1*4 

000 F2C 

rn 

S r A 

P*4 

000 FRO 

ES 

SFA 

ft* 4 

GOOF 34 

ET 

SF 


ft *4 

O00F38 

I I 

SF 

1*4 

OOOF3C 

KS 

SFA 

°*4 

OOOF40 

LB 

F 

R* 4 

001 JA 4 

MO 

SF 


1*4 

000 C A 4 

PM 

SPA 

ft*4 

OOOF4B 

SR 

SFA 

R*4 

000F4C 

• 7 1 

SFA 

ft ¥4 

000 F 50 

TN 

S C A 


ft *4 

00 Jr 54 

TV 

SFA 

ft* 4 

90QF58 

TX 

S C A 

P*4 ' 

OOOFGC 

T2 

SFA 

ft *4 

0 00 FAQ 

T 3 

SFA 


ft* 4 

0 u 0 c 6 4 

T 5 

S c 


000F68 

ilA 

ft 

P*4 

001 OCO 

X5 

SF 

R*4 

uGuFAC 

Yft SFA 


1*4 

000 C .J0 

RftS 

s*= 

1*4 

000F74 


V 

1*4 

00OF78 

CAL 

F 

1*4 

ooiooc 

CTR 

SF 


I *4 

003F7C 

DAY 

s c 

1*4 

000F80 

CRY 

SFA 

P *4 

00AF64 

EOA 

SF 

ft* 4 

0C1 LOC 

EHr 

SF 


ft *4 

OOOFBS 

EST 

SFA 

P*4 

009F8C 

GDO 

SF 

R*4 

0C0F90 

I^C 

S 

1*4 

G013P0 

i r ft 

SF 


R*4 

00 L 4? 8 

I YP 

S 


001 4 AO 

JJJ 

SFA 

1*4 

0 D0F Q 4 

KAY 

SFA 

R *4 

001513 

KMO 

SF 


1*4 

OCOFS8 

LAI 

SFA 

P* 4 

OOOF9C 

‘ I u 

SF 

1*4 

QUOTA 0 

LOC 

SF 

1*4 

3 Cl 530 

KM*' 

SF 


I «4 

000 FA4 

MPG 

SFA 

1*4 

/300FA8 

r-*o 

S 

1*4 

000 FAC 

R VS 

SF 

ft *4 

0 OOF 60 

SMO 

SFA 


1*4 

001556 

SSO 

. SEA ___ 

ft *4 

000FB4 


SFA 

1*4 

001 570 

TAU 

SFA 

R* 4 

300FP8 

TED 

SF 


R*4 

OOOFBC 

TIN 

SF 

R*4 

OOOFCO 

T up 

SEA 

R*4 

U00FC4 

CNST 

SFA 

ft *4 

0G0FC8 

COEF 

SFA 


R *4;. 

001588 

CVAL 

S 

P*4 

001643 

n AYT 

SFA 

1*4 

OOOFCC 

DAYO 

SF 

XF RS 

oooooo 

CAY1 

SF 

XF 

ft * 4 

OOOOOO 

DIFF 

SPA 

P-*4 

ooofoo 

DISC 

■ F 

1*4 

0 0 0 F D 4 

E T 1*0 

SF 

ft- 4 

OOOFna 

EVA 0 

SF 

XF 

R*4 

oooooo 

FLAG 

SFA 

1*4 

OOOFDC 

frkt 

CC : 

R*n 

00 i 4110 

I DAY 

s 

1*4 

0 0 1 6 5 c 

KC AY 

SF 


1*4 

OOO-EO 

kaxt 

SF ; 

R*4 

003 FE4 

MINT 

if-. : 

F*4 

OOOFEfj 

MULT 

SFA 

R*4 

GOOF EC 

OPTN 

SFA 


1*4 

001604 

Rf)AY 

s 

1^4 

030FF0 

PAIN 

SFA 

AH 

0 OOF fa ‘ 

RF LG 

SFA 

~I*4 

o G uff 8 

SCLK 

SFA 


1*4 

0016E8 

SOAY 

SFA 

I *4 

001700 

T ACC 

SFA 

R*4 

ooorrc 

TBS E 

SF 

R*4 

001718 

TC AY 

SFA 


R-4 

001000 

TEPA 

SF 

R * 4 

001684 

TGDD 

SFA 

R*4 

001004 

THAF 

SF 

ft*4 

CClOCft 

that 

SF 


P*4 

ooi one 

Tunr 

SF 

ft *4 

001010 

TUDT 

sr 

F*4 

001 014 

TH 1 F 

SF 

‘ '"ft* 4 

0010 IQ 

Till T 

s c 


P*4 

00101 c 

TVAL 

SFA 

ft* 4 

0 J 1 3 P B 

Y r A Q 

SFA 

1*4 

001320 

ZV.VL 

SFA 

ft *4 

OQi a cc 

al°ha 

SFA 


R*4 « 

■ 001024 

BFLAG 

SF 

1*4 

001028 

ar = LG 

SFA 

1*4 

ooiorc 

CLOCK 

SFA 

1*4 

OC 1 030 

COP-JF 

F 


R* R 

0 01 B? 0 

COUNT 

SFA 

_ft «_4_ 

001034 

COVFft 

SFA 

F<4" 

001030 

"delta 

F " 

XF ' ft *4 

OOuuOO 

DI STR 

SF 

~xF 

e*4 

003000 

DRAIN' 

SFA 

P*4 

00103 C 

FICCP 

SF 

P*4 

001040 

F M A XT 

SF 

R*4 

001044 

FMINT 

SF 


R*4 

001043 

GODKO 

SFA 

1*4 

001860 

. KVA LI 

SFA 

F<-4 

0018F4 

K V A L 2 

SFA 

ft *4 

ooiftoe 

KNIST 

S c 

XF 

r*4_ 

OOOOOO 

MXH20 

SFA 

_R-4 

00104C 

PLANT 

SF 

1*4 

001 91 C 

RATIO 

SF 

R*4 

001050 

STAGE 

SFA 


1*4 

C01D54 

TB>nA 

SF 

P*4 

00l Q 3C 

TCroN 

SF 

R*4 

001970 

THETT 

SF 

R*4 

CC1058 

TITLE 

SF 


I p 4 

OOLAOO 

TRANS 

SF XF 

OOOOOO 

ALPHAV 

SPA • 

R-'4 

00L05C 

_ CLt'Krft 

SF 

XF ft *4 
\ 1*4 

000 0 00 

CTI VEft„ 

„S.F 

XF 

_R*4„ 

„ooooop 

P/LLfT SPA . 

ft * 4 

001060 

CCDBGN 

$ 

1 *4 

001 064 

GOOD AY 

SFA 

001450 

GO OVAL 

SFA 


P*4 

0 0 l A 6 4 

I6CQM< 

c XF 

I* 4 

OOOOOO 

I COUNT 

SFA 

1*4 

001060 

IRPCHK 

S c 

1*4 

00106C 

laychk 

$ 


1*4 - 

• 001070 

MFLOC ° 

SF 

R*4 

001074 

PCTrVA 

SF XF 
SFA 

_P*\4__ 

ecoooo 

PTACC1 

SFA 

R*4 

_001G76 

ft A I NEW 

s 


_ft*4_ 

00107C 

RAINDL SF 


001080. 

RUN'CI F 

R*4 

001 OB 4 

SOYSOR 

SFA 

1*4 

001088 

STCCRN 

s c 


R*4 

001 A 78 

T AVAIL 

SF 


00108C 

ThEMAX 

SFA 

Fl*4 

001A90 

THEM IN 

SFA 

R *4 

0C1AA4 

theval 

SFA 


R*4 

0 0 1 A 0 8 






LABEL 

AUOR 

label 

ADOR 

LABEL 

ADDR 

— 2tft 

-.ooicco 

20? 

Q01CEA 

pnn 

001CF? 

203 

GC1D24 

205 

001033 • 

217 

G0in50 

302 

002 024 

303 

002C3C 

304 

00704C 

3Q6 

00 2 ODC 

_ 3C5 

002148 

369 

Q021A.4 

300 

002318 

30? 

007364 

309 

0023 A4 

33 3 

0023F4 

363 

00246 A 

36 i 

007482 

— 314 

0 0 2 4 F c 

362 

002590 _ 

. . 31 3 

002 5AA 

316 

J025DE 

312 

0025FC 

317 

00264C 

321 

0G 7 69C 

319 

00? 6 AC 

322 

0326C8 

— 2 23 

0026E4 

324 . 

0026FC 

32 5 

„00270C 

32 7 

0C2762 

355 

002786 

356 

002800 

207 

0C296C 

206 

OC25FA 

332 

002A10 

— 203. 

. 0Q2A9O _ 

.209. 

. 002 AF 6 

_ 210 

0Q2E1Q 

411 

002CD4 

4 L2 

002DIA 

401 

0020A6 

403 

002E9E 

404 

0 0 2 E C 4 

406 

002EF6 

1409 

002F72 __ 

u 4 LO 

002 F Q c . 

405. 

C02F36 

211 

0U3134 

407 

00314A 

500 

003198 

213 

003274 

501 

0032CA 

216 

C0336A 

502. 

003404 

504 00349 A 

50_3l 

— Q414A0 


•OPT IC NS IN EFFECT* NAMf * PA IN »0°T-02f U NE CNT*6 0 » S l *E»0 Q OOK » 

• CPTICNS IN ’EFFECT* SOURCE, EBCO TcTnOL IST*i NO DECK , LO AoThApTnO IdTtTT 0, XREF 

•STATISTICS* _ SOURCE STATEMENTS ^ 4 47 / » PRCCRA* SI Z E * . 13 683 

•STATISTICS* NO DIAGNOST ICS GENERATED 


****** END*" OF CO M P ILAT I CN ****** 


label 


AODR 


PAGE 018 


,204— OOiDie. 
219 001DB2 

301 002CS4 

360 Q 02218. 


310 

311 
31 6 

OG23FO 
0074PC 
_Q0Z5CQ 



320 

.002600 


‘ 

3ia 

002604 



326 0027571 



329 

00282C 

* 


331 

002A5E 



_ . 400 

_0 02CZQ 



402 

002FB6 



408 

002F42 



... 212 

003010 



214 

003242 



215 

003370 



999 

■ 0Q35A9 




lEVEl 21.7 (JAN 73 ) 


CS/360 FORTRAN H 


CATE 77 • 0flA/lA.3B*46 


*^7— 


%' 


. Ct.MPlLER_-CP-TlC.NS ---NAME*. ...MAIN >OPT»C2 < LINECNT -6 3.5 1 Z.£*OOQOK « ... - ,_ 

SOURCE t E^CO J C * Nit I ST rNOOECK .LOAD, MAP * NOcD I T * ID » XRSF 
V. 1 SN 0002 Sy^CUtlKE POT EVA (LAI , CFlAG , FN , $R , ALPHA , SS H.cC, DAYTl 

^ ^ C SU8R CUT INeT ~C A t CULA tTcN " OF^P OtT^EVA ?• 

• M . . . . c . 

^■V'w.-L . I*. C .. _ ... , ; 


% 

7v-i\ 

1 5N DCC3 
1 SN COCA 
:I S N JOC 5 
I SN QCC6 
ISM Co 08 

IMLGcR CFL AGfuAYT 
REAL LAI 

T c fCFLAG^3 ) 5 • 6 • 7 




5 IF UM. IT .3.01 GO TO 3 

IF (CFLAG-U 1,1,2 

c 



~ - 



C FCP SORGHUM 






c 





W* : 0C09 

1 RN=.B36B*SR-130.78 





l SN 00 VO 

GO TU 4 




% ;•* 


C 



* 



C FCR SOYBEAN 






C 





ISM 0011 

1 RN?.S0',7^SR-V3S f S7 



* 


1 SN 0C12 

GO TO 4 





ISM 0013 

3 RN=,724S*SR-50.U 




• 

I SN 001 A 

GG TO A 


* 




C 






C FCR WHEAT 






C 




■ { ■ ■- 

IS* 00 15 

6 RN -.06 78* SR- 163 .56 





IS* 3016 

I F f DAY T. L E. 16 R ) R N-.S 5^3 *SR-2 13. 10 

• 



■♦, -A 

I SN 00 IB 

I F ( CAYT#GT .202 ) RN= . 9258*SR- 157. 4206 


• 


w 

ISM 0020 

GO TO A 




\ 


~ ■ t . ■' r '.* ” . " 






t FCR CORN 

c 





ISM 0C21 

7 IF (LAI. GO, 3.0) GO TO 8 





I 5 N 0 G 2 3 

RN=.860R*SR-103.92 




V J 

ISM 00? A 

GO TO A 





ISN 0025 

"5 Rr^.8^3^SR-iAA.A9 





ISM 00?6 

IF (DAYT.Gt.8A) RN*. 766*SR-S9. 84 





ISM 002M 

A CC~41PHA*$SD«RN/5R.3 




i 

I SN 0C2 Q 

RETURN 





ISM 003 0 

END . , 



- 





1 

O: 

SYHBCL- 

:*«m*F C R T R A H 

INTERNAL ^TATFMPNT KtlMqFftt 

CROSS 

REFERENCE 

LIST] 

[ n 


PACE 002 

60 

0002 

0020 








# Vi 

0002 

0005 

001 1 0013 C015 0016 

0018 0023 

0025 0026 0028 





, sp 

0002 

.0009 

0011 0013 QQ IS QO 1 6 

QQia QQ23_ 

QC25 QQ26 





M IM 

CC02 

0 004 

0006 0021 







• M SSD 

0002 

0023 








J'l OAYT 

>00? 

0 003 

0016 CO 18 0026 







* ALPHA 

CC02 

CO? 8 








O : CPIAG 

0002 

0003 

0005 0008 







; PGTEVV 

. 0002^ 







*■ 



I 



0 F T R A N 


C R OSS 


R E f 6 R c N C £ 


L I S T I N 


PAGE 003 


LABEL 

■ . : l 

2 

3 

A 


OEM NED _ ?E TERENCES 

CuC-v; «;oc»i ucoa 

00 t l occ* 

G n 1 3 OCCS,^ h -*'™ ___ 

0026 0010 0012 CCU 0020 002A 





NAME TAG TYPE ADO. 

FO S OOOOOC 

_ . SSO F R*4. „ G000cC_- 

rCTEVA R*4 OOOOFC 


NAME TAG TYPE AOD . 

RN S F OOO DEO 

— DAY! , 1»A — Q£OQFjQ 






* 




aC^4v3^.^nr?si3rKr , nt5»!" 


LABEL ADHR 

. 5_0CCL30, 
6 00 3 1 } J 


LABEL ADDA 

1„00J1V|-.. 

7 0CC1CG 


LABEL AO DP. 

2 0QD152l_ 

8 003 1 BO 


LABEL AO DR 


_3_J}0ai6.C_ 
A 030206 


♦OPTICAS in £ff£CT«_ 


_ NAM t= aa VN . OPtr Q2 f u NcCN ir f>0 1 s I7J^O_OOD*i. 


*GPT ll'NS IN EFFECT* 


SOURCE , cBCOI C f NOL 1ST ,NOOcCK, LOAD, ma? f NOEO IT f I C, XR EF 


k STAT I ST I CS* 


SiXJPCE STATEMENTS * 


29 , PROGRAM SUE = 


.^STATISTICS* .Nl Cl ADNCSTICS_GENER4TEO_ 


****** END QP COMPILATION ****** 


99K BYTES OF CORE NOT USEO 




i«rfcfi m y * * * 1 *»«*>?> 






LEVEL 21.7 t JAN 73 > 


0S/360 FORTRAN H 


OATE 77.084/ 14.38.55 


CCHPXLEiL-Cei-XCNS .r .KATEs— MALH.JP.T»aZ.UM£C-NT.»Afl^U2E»>ja00lC. 

SC'JRCE.EBC r >iC,NOtIST,NODECK,I.OAO,HAP,NCEOIT.IO.X»EF 

C « « • . 

I SN~ 0002 C SUBROUTINE TRANsVrUMXHZC, TV, KS/la’i ,T, ALPHA , R6 , SSD f COVER, TAU, 

1 ALPHAV, ORY,SCYSOR, T2 , TGDOt TACC , FALLRT) 

^ VaLCULAtToS"^F TR ANSP I R ATICN ~~ 

C 


isn 0003 
isn 0004 
ISN 0005 
ISN 0006 

i in ooo7 
ISN 0GC9 
ISN 00 U 


ISN 001? 
ISN 0013 


ISN 00 l A 
ISN 00 l 5 
ISN 0 C 1 7 
ISN 0018 
ISN 0020 


ISN 0021 
ISN 0022 
ISN 0023 
I SN 0020 
ISN 0027 
ISN 3028 
ISN 0030 


ISN. 0031 
ISN 0032 
ISN 0033 
ISN JU34_ 
ISN 0035 
ISN 0036 
ISN 303 7,. 


ISN 0038 
I $N 0040 
ISN 004 l 
ISN 004 2 
ISN 0C43 
ISN 0044 


REAL LAI ,NXH2C,KS,T2,TGOC,TACC i FALLRT 
INTEGER SCYSCR 

_J A V.A ll 3 T I- (TV* 1520 . 1 

KS=TAVAIL/IFALLRT*NXH20I 
IT (KS.GT.U) KS*l 

IF (KS. IT. 0.01 K$*O.Q __ 

GO TO (l, 1,3,4) rSOYSCR 

PCR_S C !?. GUU tm-3019 £AN 

1 TAiJ-£XP(-,34fi*LAll 

JF (LAl-2.il 5 3 » 5 1 1_5 1 

FOR WHEAT 

~3 TAU* E XP ( - .73 7*1411 ‘ ' 

IF ( TACC • GT.3.0R.LAI .GE. 1. 251 GO TO 30 

GC TO 50 

30 IF (TACC.GT.4I GO TO 52 
GO TO 51 

~ FCP~C C RN — ^ ~ ” — 

4 DRY*LA I : 

TAU=EX?(-.33SAr)RY>0.143R) 

IF tl A I . LE •• 38 > TAU* l* 

I F. ( LA I . GE . 2 . 5 . OF* TGCD...G E.1403 « J_.Ga_IC_Al 

GO TO 50 

41 IF UAI.LT.2.5.AN0.TGCC.GE.200O) GO TO 50 

_^go .to 5Uy. ' ■ ■ ■ '■ 

_50_T=KS*ALPHAV* ( 1.0rTAUl*SSCT R A /.5 8 .2 - - - 

GO TO 99 

51 T«*S*l AtPHA-TAUI*SSD*RN7 58.3 

gc. to 99 . ; . 

52 T*KS4ALPHAV%( l- 1 EXP ( -.73 7*LA I ) ) J *SS0*RN/58.3 
GO TO 99 

jS:9*-L-A 1JU JJ& S CU&ty/SiUlL 

. .99, IF ( KS .EQ.Q.Q )_JG0_I0 .5 8 „ 

T 2 3 T*I/KS 
GO TO 97 

.98 -12*0.0. V -- -- _ 

97 RETURN 
END 


.?= 


, 1 

- : t 


# » O 
N Ui 


FORTRAN 


CROSS 


R £ F £ R £ N C £ 


LIST I N £*+*•* 


PAGE 002 


SYM8CL . 

IMERN-'L STME u 5 N tT NU' J 2E?S 






T 

JO 02 

CO 3 L 

003 3 

CO 3 5 

0027 

00 40 





KS 

OtrO? 

000 3. 

0036 

000 7 

C0C7 

0009 0009 0031 0033 

0035 

003 7 

0038 0040 


RN 

KZZ 

0031 

_003 3_. 

0035 

CO 37_ 






T I 

0002 

0)05 









TV 

0CC2 

0)05 









T2 . 

3)0? 

0 003 

CO A 0. 

.0Q42_ 







DRY 

0002 

0 02 L 

0022 








E x R ; 

0012 

031 A 

0022 

0035 

0037 






LAI t 

0002 

003 3 

CC12 

0313 

.0014 

JpOl 5 ._,C02i,_ 0023. 0 C 25 _ 

002 8_ 

0035 

0037 


SSD 

00 32 

003 1 

0033 

0035 

CO 3 7 






T&U 

0002 

0312 

GO 14 

Cu 22 

C023 

0031 0033 





T ACC 

0002 

03 C 3 

COL 5 

0013 







TOGO 

0002 

0 03 

0025 

0023 







alpha 

no J2 

0 33 3 









C r VF P 

00 02 








, 


HXH20 

CCC2 

G3C3 

* 0006 " 








TRANS 

0002 










AL PH A V 

CO 02 

0031 

0C35 

J0037_ 







FALLRT 

GC02 

0303 

~ 0006 








SCYSCR 

0002 

000 A 

COil 








T AVAIL 

GOO 5 

0306 



. 











T F ANS / 


NAME 

TAG 

TY°E 

ALTO. 

NAME 

TAG 

TYPE 

add. 

r 

$ fe 

D « 

OCOOFC 

KS 

SF • 

R*4 

0000 fo 

TV 

p 

4*4 

.000 4 FC 

_ T 2 , 

s 

__a 

.0 CO 10 A 

sso 

f 

*•4 

00 J lUC 

TAX} 

SF 

q*4 " 

030110 

ALPHA 

F 

P»4 

000 Lie 

COVER 


R*4 

CC0120 

exp 

XP 

F*4 

ocoooo 

ALOHAV 

F 

R*4 

.00012.C. 

TA/AIL 

5F 

8*4 

0 00 L 38 






SUE .OF PROGRAM 000478 ..HEXADECIMAL fVYTES PAGE 004 


NAME 

TAG 

TYPE 

AFH. 

namf 

TAG 

TYPE 

RN 

F 

P *4 

0000 r 4 

T I 

F 

P * 4 

DRY 

SFA 

R*4 

U00104 

LAI 

E_A 

P • 4 

T ACC 


P*4 

000114 

TOO 3 


R*4 

MXH20 

F 

R*4 •• 

J00124 

TPANS 


R*4 

—LABIAL. 

F 

3*4 

_00911.0 

SOYSGR 

F 

_I!4_ 


ADD. 

3000F8 

,000138 

300118 

000128 

000114 . 



LABEL ADOR 


L AB EL AC CP. 


LABEL AOOk 


% 


II 


A L 0002 NO 
53 000323 


— 3 . .acoiFC— 
50 0002RC . 

59 00034 A 


•OPTIONS IN EFFfcXT* 


MAIN ,OPT *02»LINECNT*60»SIZE«OCOOK* 


— •OPTICNS IN. EFFECT* S CU RCE •£ BCCI£»NCL 1 STL* NGCECK* LOAD » MA&#NQEIlLT.*-LB*JtR 

•STATISTICS* SOURCE STATEMENTS * 43 *PACGRAM SITE ■ 1144 


•STATISTICS* NO DIAGNOSTICS GENERATED 



CQjlPI l, AT, l Cfl_*****J! 







LEVEL 21.7 ( JAN 73 > 


OS/ 3 60 FORTRAN H 


DATE 77 .084/ 14*39.11 


CCKPI LER OPTIONS - NA W £= K4IN,CPT=02 * LINECNT=60.S 1ZE-JCOOK. 


l SN 0002 


ISN 0003 
I SM 0004 
ISN 0005 


I SN 0CC6 
ISN 00C*. 


SCLPCE.eQCDIC.NHlST.NODCC* .LQAO.MAP.ACEOIT. ID. XREF 
SUBROUTINE E V A P ( FLAG. LA l ,RN * EST . ES »U *CNST» COUNT , SSQ. OR Y» COVER f 
LCAYT,TAU, SCYSOR) __ ‘ .. 


SUBROUTINE: CALCULATION OF SOIL EVAP. 


REAL LAI , HPNS 

INTEGER FLAG f CAYT,5CYSCR 

GO TO (2 , t . 6 » 5 ) » SOYSOF 

FCR SOYBEAN AMC_>hEAX_ 


6 tr I COVER. GT. LAI ) TAU-.B52 
GO .TO 2 . j 


FCR CCRN 


ISN 0007 
ISN 0010 
ISN 3012 


l<\ 0014 
1 SN 0015 
ISN 9J16 
I SN 0017 
ISN 0019 
ISN 3020 
ISN 3021 
ISN 0022 
ISN 0023 
1 SN 0024 
I SN JO 2 5 . 

' ISN 0027 * 
I SN 0029 


5 TAU = EXP(-.3?9*0RY«-0.1438) 

IF (LAI. LE. 0.331 TAU = l 

IF ( CAYT.CT.90.AND.LAI.lt. 3. 67) TAU^.270 


SWITCH AS TC WHICH SOIL EVAPORATION FCRMULA 
TO USE _____ 


2 if ( FLAG- 1 ) l f 3 . 3 

1 SS*tTM.U»SS^RN/59.3 

" cST^ESTfFS ” 

IF (EST.LE.U1 GO TO 4 

FLAG-2 

ES“FS-v).6 
GO TO 4 

3 ES=CNST« ( SORT { COUNT 1 -SORT I CCUNJ-l .0 ) L 
COUNT- COUNT f I .0 

4 HRNS=TAU«3.N/58.3 

IF (HRNS'AT.ES) ES^HRN S 

return’ 

END 


m- 


9. 

. e 


a - 
T? be 

P 

O 


CD 


[00^°^ 



0 n RAN 


c ness 


REFERENCE 


LIST! M G 


PAGE 002 


SYHBCt — l NIC RNAU -STATEMENT- NUMBERS- — — 

U 000? 0017 

ES C002 0015 0016 0030 0020 0022 0025 0025 

RN 0C02 _■ 0015—0024 — . 

tm ooo? ojoo 

ESI COO? 0016 0016 0017 

EXP CO 09 _ 

LAI 000? 0103 C006 0010 0012 

SSO 0002 0015 

TAU 0002. 0 JO6„_0OC9 Q01Q _ C012 0015^X024 

CNST 0002 0022 

DA YT 0002 0004 0012 

EV&P C0Q2 — - - . _ , , 

FLAG 0002 0 )04 C014 0019 

HRNS Cc03 CO? 4 0025 0075 

SCPT 0022^0022 : — 

COUNT 0002 0022 0022 0023 0023 

COVER 0002 0006 

.S CY S C 0002 .00 Ml ,_Q0 Q .5 



0 R TRAN 


C R 0 $ S 


REF f RE N C E 


L I S T I N 


PAGE 0G3 


LAO CL..'. liEFINEO REFERENCES 

1 C3L> GO 

? OJl*i U0C5 CCOR 

.3 C022 _0014 QG1 A 

* 002A 0017 0021 

5 QOOS OCCS 

b ... 0006 __000.s^ 0 00 5 












LEVEL 21.7 ( JAN 73 ) 


CS/360 FORTRAN H 


DATE 77.084/14*39.55 


y 

«-!■ 

i.r 


A - 


? I- 


-1 

*V 

n 


i 

rv. 


COMPILER. OPTIONS- --.NAME* ._MIN .CPT = C2 :,Ll;JECNT>6fl.SlZEsQQQ0K, 

$ CURCE *E 9CDI C» NOL l ST .NDOEC* .LOAD .MAP. NCEGIT » ID .XRcF 

C 

C . _ __ SUBROUTINE CLCKER 

C 

C PURPOSE CALCULATE PART QF BIG-TIME TOO AY. 8AIER MODEL 

— 

C DESCRIPTION OF PARAMETERS 

C COEF : COEFFICIENT TO CALCULATE TIME 


..C _ 

C 

c 


T.N: _ yiN TEMP 

TX: MAX TE' , ° 

DL: cay length 

.. T ACC TOTAL OF TIME PARTS 
TO AY: TODAYS TIME PART 

K: INDEX INTO CCEF 


l$N 


C “ 

C 

00 02“ SUBROUTINE CLOKEM COEF . TN , TX , DlVtDa'y ,T, MULTTtaCC . CLOCK t MMO.JJJ f 

* YFAR.RTFLG.DIFF.SYR.SMO.SOAY.SCLK. ICOUNT, 

*. R FLG t K AY f PTACC 1 1 


1 SN 
I SN 


ISN 
I SN 


ISN 

ISN 


ISN 

ISN 


00 C 3 

3004 


0009 

0006 


0 CC 7 

occ 0 


0010 

00 n 


PEAL CCEF <6, 0) . TN.TX, CL . TO AY ,MUl T . T ACC . 0 IFF ,KAY< 6 1 .PTACC l 
INTEGER K,CLCCK*MMC,JJJ, YEAR, BTFLG* SYRIA ).SMO (6) f $CAY(6) ,SCLK(6) , 

* iccunt.rflg * " """ 

TXM (o./5. )*TXU32. 

TN^T 1 9. / 5 • ) *TN I >32 • 

FIND UAYLENGTH CONTRIBUTION TO 310-TIME 


V1=C*0E FI K »2)MOl-COEF(K, I) )*C0EF(K,3)* (CL-COEFCK, l ) )**2 
IFIVl.LT. 0.) V1=0.0 


FIND MAX TEMP CONTRIBUTION TC OIO-TIME 


V2-C0EFIK.5I* { TX-CCEF ( K , 4 ) ) ♦COEF ( K , A ) * ( T X-CQEF ( K, 4 )) M 2 
IF 1 V2 .LT .C.O.OR.TX.LT.23.64 ) V2*0 .0 


© 

6 


ISN 0013 
ISN 0014 

c' 

c 

FIK'O J*f N temp CONTPieUTICN TO BIO-TIME 
V 3 =C 0 FF(K. 7 )*<TN-C 0 EF(K..I > *COEFl K. e 1 * I TN-COEFIK .*)) **2 





m 

c 

c 

IF( V 3 .LT. 0.01 V 3=0 ♦ 0 

TOCAYS CONTRIBUTION TO BIO-TIME 





0 

ISN 0016 

c 

c 

TCAY-Vl*tV 2 *V 3 > 





m 


c 

CUyyALAflVE SUMS FOR BMTS 





. 


c 






0 

ISN 0017 


IFCk.F 0 v 3 .CR.K.eQ. 4 } TCAY*T CAY* MULT 






ISN 0019 


T ACC-T ACC ♦'TC AY 






ISN 0020 


CLUCK=CLCCK +1 , 





a> 

ISN 0021 


1 F( I MMO .GT . 9 . AND .MMO. Lc • 123 « AND. TACC.GT . 1.61 TACC* 1 *6 






ISN 0023 


IFtBTFLG.EC.il GO TO 10 






ISN 0025 


IF( K.rQ. 3 . AN 0 .TACC.GE. 2 . 7 ) GO TO 20 





e 

ISN 0027 


GO TO 30 






ISN 0028 


20 BTFLG=l 






ISN 0029 


GG TO 99 





c 

ISN 0030 


30 C l FF*T ACC- PTACC 1 







C 




PAGE 002 


ISM 0331 — IF tSYP. 1 2) • EQ«Q.AjN0«TACC*GE*2»81 — GO — -TC-- AC 

ISN 0033 IFUTACr..GE.l.95.AND.TACC.lT.2.8l .AND.K.NE.3.) GO TO 50 

I SN 0035 GO TO 10 

I SM 0 336 50 IPID IFF.GE..Q2 J ICOUNT* ICOUNTtl 

ISN 0038 IF{ ICOUNT. LT. 10) GO TO 100 

ISN 0040 KAY ( 2) "TACC 

i sn :c 4 i . _ a q r acc * 2 .00 : 

ISM 004 2 GC TO 

ISN 0 3 sr 3 10 IFIPFlG.EC.n GO TO ill 

ISN 0045 .. .... _ IrtTACC.G6.KAY{K).ANC.K.LT.6i GO TO. 99_ 

ISN 0047 IFITACC.LT. 5.00) GO TO ICO 

ISN 0C49 *FLG*l 

I SN 00 50 99.. SV 3 . IK) “YEAR _ 

ISN 0 051 $*HK )=MMO 

ISN 0C52 SC AY ( a ) x J J J 

ISN 0053 . SClKUl«CLCCK_ . . . — 

ISN 0054 CLOCKED 

ISN 0055 IFIK.LT.6I K»K*t 

I SN 03 5 7 _ I QQ PTACC L?-TACC — — 

ISN 0C58 III PETUPN 




■ 





mum? 



: mmmm 

MMM 

MM 


IPiWj 





o 

ft T ft 

A N 

cuts s 

RE 

f E ft E N C 

E LI S TIN 



PAGE 

003 

® L 

t 

t 

<i ! 

S YPBCL 

f M F P M A L ST ATE CNT 

KUMBFRS 











K 

0002 

0004 

00 0 J 

00 07 

010 7 

00 C 7 

0010 01 10 

0010 

0010 0013 

0013 00 13 0013 

0017 

0017 0025 

0033 

0045 

' ! 


1C45 

COSO 

ccsi 

CC 52 

CC53 

C055 

0055 0055 








o 

DL . 

o m 

GJU3 

: cccr 

COG 7 ^ 








4 




TN 

002 

0103 

LO 06 

CO 06 

CO 13 

0013 










TX 

0C02 

QIC 3 

bees 

CO 05 

0010 

0010 

ecu 







. 

© i 

VI 

OOC 7 

COO B 

coca 

0016 











* 

V2 

0010 

00 u 

COM 

CO 1 6 












V3 

1C 13 

CO 14 

CC 1 4 

0016 











© : 

JJJ 

GCC? 

COCA 

QOS 2 












. 

KAY 

0002 

010 3 

CC40 

0045 











f 

i 

MMO 

0002 

0104 

0021 

0021 

0051 










O l 

SMG 

0002 

0004 

cost 












i 

SYR 

0002 

COCK 

C 1 3 1 

COSO 











- ^ \ 

r GE p 

0002 

o m 

00 07 

ooo r 

0007 

0007 

0010 0010 

COLO 

0010 0013 

0013 0013 0013 


* 



c 

CUFF 

0002 

0 303 

CO 20 

0036 











— 

mu 

0002 

0 J03 

cc i r 












l 

R p IG 

0002 

0 304 

C043 

0049 











© 

$riK: 

0002 

0004 

CO 53 













SOAY ~ 

0102 

000 4 

0052 












* 

T ACC 

CCO? 

0103 

0019 

0019 

0021 

0021 

0025 0030 

0031 

0033 0033 

0040 0041 0045 

0047 

0057 



o 

TCAY 

•2102 

0)03 

CO 16 

0017 

con 

0Q19_ 









* 

YFAR 

0002 

0)04 

CC 50 ' 












_ i 

ATFLG 

COO 2 

0004 

0023 

0028 




■.* 







' © l 

CLOCK 

OC 02 

0004 

CC?0 

0020 

C05 3 

_0054 









.. . 

CLCK-G-it- 

CC 02 














_ t 

} CCU N'T 

0002 

OOC 4 

0036 

0036 

0038 










, \ 

PT ACC l 

0002 

U00J3 

003 0 

_0057 














FOR T Hi N 


C * OSS 


REFER E N C € 


LISTING 


PAGE 004 


r?EF tNEO-— .REFERENCES _ 

004 3 OC23 0035 

002fl 002*5 

CC3 C 0027 . ... . 

C04 1 0031 

0036 0033 

0050 0 02 Q 004 2 _ Q Q45 

C057 0038 00V7 






/ CLOKER / 


KA*F 

TAG 

TYf»E 

aoh. 

NAME 

TAG 

TYPE 

aoo. 

X 

S c 


IH 

OOnoSR 

OL 

F 

R*A 

OJOOEC 

VI 

SF 


,P*A_ 

U JO OF 8 

V 2 _ 

SF 

3 r \ 4 -_ 

.0 )0 )FC 

KAY 

S 

r ~XR : - 

: R*V. 

000000 

H M 0 

F 

I n A 

COO 1 08 

COt F 

F 

XR 

ft* A 

000000 

D IFF 

s 

ft '•A 

OOJIOC 

srix 

S 

XR 

MA . 

000000 

SO AY 

S XR 

I * A 

OOu 000 

YE A a 

;. p 


1*4 

000120 

8 TFLG 

S 

T * A 

J0D12A 

COUNT 

SF 


l* A 

000130 

PTACCl 

Sf 

R*4 

000134 


-' ,. K Vt ::: JOfeVi*^ -;i •• -4- • . £ v.-!*: r 1 *'** - v • -.'T* ' ' ^ '• - 


SIZE OF PROGRAM 000506 HEXAOEC I "AL BYTES PAGE 005 










♦ i 

i 

NAME 

TAG 

TYPE 

ADD. 

NA W F 

TAG 

TYPE 

AOO.- 

» 

TN 

Sf 

R«A 

OOOOFO 

TX 

SF 

P."A 

0000 C A 

«. i 

„ V3 

SF 

®*4_ OOO 100 

... _ _ J_J J_ 

F 

_LTA_ 

_00D104^_ __ 

> 

SMO 

S XR 

1*4 

0 JOOOO 

SYft 

S XR 

I * A 

000000 

i 

MULT 

F 

R*4 

0001 10 

R F LG 

S 

1*4 

0001 l A 

• l 

Jtacc_ 

SF 

P* A 

000 1U _ 

TOAY 

SF *- 


_oooi ic 

[ 

CLOCK 

SF 

1*4 

00012 8 

CLOKER- 


R*4 

000 L2C 

i 


• I 

I 




LABEL 

ADDR 

LABEL 

ADDR 

LABEL 

ADDR 

LABEL 

ADDR 

_ 20 

n no 204 . 

... _ TO 

nnn?nc 

... so 

Olios A A ... . 

_ . 40 

OOQpQp 

10 

OOOTAC 

Q9 

0003C C 

100 

00DA12 

111 

000*1 A 


•OPT ICISS IK £ F F Ed N AH E* J MA IN,OP„T»02, LlNECNT*60.*SI2£*QGQ0i<.* 

•OPTIONS IN EFFECT* SOURCE, EBCDIC, NOLI ST, NOOEC*, LOAD, HAP, NOED IT, ID, XREf 

•STATIST ICS* SOURCE STATEMENTS * 58 , PROGRAM SIZE* IVS^ 

* STM 1ST I C$* —NO... Di AGNQSTJCS-G ENERATJEQ 


PAGE 006 


O t 


• t 


. 


****** END Of COMPILATION ****** 


<UK BYTES OF CORE NOT USED 




OUTRAN 


CROSS 




125 





NMF TAG TYPE ADO. NAME TAG TYPE ADO. 

i sf 1*4 ooooac COS XR 1*4 OCOOOO 

TACO SF — R* 4 - OODO 9C ZV Ai F„Xfl R*4._JJQ00aG: 

TKEVAL SF XR R*4 OCOOOO 




SUE OF PROGRAM 000204 MEXAOECIMAL BYTES PAGE 004 


NAME TAG TYPE ADO* NAMf TAG TYPE ADD. 

TCK SF R*4 000000 Dm ' R*4 000094 

XlRTI^SF Ry4_DDua9B IfaEHAJC E XR EA4 0000011 






LABEL AJ)DR LABEL AOOR LABEL AOOR LABEL AODP PAGE 005 

. . 1 000 16^ 2._QOQi60„. I OOQ10C k QDOlAi* 

OCClcC v,-:-. 

•OPT iC\S IN EFFECT*^; NAMjfa ^ *A IN ,0PT*Q2. L [NECNT*63.SIZE«00C0K . _ - 

•OPTIONS IN fc c FECT * SOURCE, EBCDIC tNOL 1ST, NOOECK, LOAD* HAP .NOEDIT, I D, XREF 

♦statistics* '"source*" statements'^ ^’^prCgramTsize“'* 6*a 

♦ STATISTICS* NO. DIAGNOSTICS GENERATED : 1 i 


••*•♦* END OF COMPILATION ****** 


103K BYTES OF CORE NOT USED 



PATE 77 . 08 */ 14 . AO . 23 




LEVEL 21.7 ( JAM 73 J 


CS/360 FORTRAN H 


XCKPiLER^OPIJaMS-!rviCA«E--:.MAIM r OPT = Q2,LlNECNT=6C + SI2£?QOCOlC, 


ISN 0002 


C 

c 

ii- 

c 


SOURCE t EBCDIC * NOLlSt f NOOECKf LOAD* MAP , NCECl T» ID» XREF 

.SUBROUTINE CAT OCT HqVALjR, A IN • IV ALj RU\aF.E«XD^XKEMAXl 

SLP ROUTINE TO CCMTPOL A RAIN. 


ISN 

ism 

I Vv 
ISN 

i rj- 

i $♦; 
ISN 
ISN 
ISN 
I SN 
1 SN 
ISN 
ISN 
I SN 
ISN 
I SN 
ISN 
ISN 
I SN 
ISN 
I SN 


0003 
JCC* , 
J 0 D 5 
1007 

■■jet?:: 

OOCF 
0010 
im 
0012 
ocn 
ooi*. 
not* 
0017 
00 IB 
U 31 9 
0020 
002 l 
0022 
00 23 
J 0 2 5 
0026 


DIMENSION T REV At (51* ZVAL15) * THEM A XI 5) 

. INTEGER CP (5 ) 

I F( R ATM. GT • 25.41 GO TO 3 
R -RA IN 

. FUN OF F -0.0 : , 

GO TO * 


R -25 .4 * ( S A IN/ 2 b . *) **.7 5 

pun:ff=pain-k 

ro si -i,3 


CK - { . 5-ThF VAL ( I \ ) 

jp ( f . lt . CK i.js. o- ra 6 

TFEVAU 1 ) e • 5 

cam-? 

p= 3 ~CK .■ J, _ 

CCNT 1NUE ' 


RUNOFF ^RfRLMCfF 

GO TO 7 . 

THEVAU I UTKFVAK I )> (R/2VALI t ) ) 

I F ( TH FVAl t I) .GT .TH£B AX ( 1)1 CO ( I h 

p e turn ; • '■■ ■ ■ ■ : : : 

‘end : 




F G RT R A K 


CROSS 


SYK&Ct INTERNAL STATEMENT. Mi* 3 EPS 

I 001? 0 111 CD1 3 Q0L6 00 L 7 0022 0022 0022 

Q COO 7 0010 CO I l UCLA 0018 0018 0020 0022 

CO ,,__0002_ C KA , 0017, 0023 

CK-: 0013 001 V 0013 

0 A YO 000? 

RAIN . „ 0032 _ 0 3 0 5_ .CCC 7 ; _00 1 0 C 0 1 1_ 

ZVAL 000? HJU3 0013 0022 

RUNOFF 000? 00 C 3 0011 0020 G020 

IF EM 4 X 0 002 _0i03 _ C023:„. . 

THEV4L 0002 GJ03 0013 0016 0022 0022 0023 


R E F E R E N C E 


t I S T t N G***«* 


PAGE 002 












SIZE OF PROGRAM 0002 RE HEXAGtC I PAL BYTES PAGE 004 


NAME 

"tag" 

TYPE 

APO • 

NAME TAG 

TYPE 

ADO. 

NAME 

TAG 

TYPE 

I 

$F 

1*4 

oooooc 

R SF 

R»4 

CUOOAO 

CD 

S 

XR 

1-4 

. C VYO_ 


_£*4_ 

_OOG0A8 

RAIN F 

_ft*4_ 

.C 0 . 0.0 A c; 

Z.VAL 

f 


4*4 

RUNOFF 

SF 

R*4 

ooooeo 

themax xr 

R*4 

OQOOOO 

THEVAL 

SF 

XR 

R-4 


NAME TAG TYPE ADD. 
CK SF P*4 0000 A A 









LABEL 

A DOR 

LABEL AODR 

LABEL AODR 

LABEL 

AODR 

PAGE 005 

. -3- 

OCQ 130 

_ . 4 nnoi^4 .. v 

.... R .cnoiAfl . _ . . 

. A 

nnmrA.... 


7 

0C01F2 





- 



it 'i *QPTICXS„1H EFFECT.*^ HA H £.-=. MA1N» OP.T.« OZ , JLI N EC N I? 6 0 , SI Z£= 0 Q£QK« , 

|; ' ■ 

I ;•; ♦DPT IONS IN EFFECT* SOURCE , E8CDI C, NOL 1ST, KODECK, LOAD, MAP, NOEDIT, ID, XREF 

'! *STATISTICS* SOURCE STATEMENTS = 25 , PRGGRAM SIZE = 654 

[: ;• *STATJST_LCS* NO -„DIAGNQSI1CS_G £N£RAL£D ■ ;■ 

[ • "i ****** END of COMPILATION ****** 


103K BYTES OF COPE NOT USED 


-v . ~.v.~ 


LEVEL 21.7 (JAN 73 ) 


CS/360 FORTRAN H 


DATE 77. 08 A/ 14. AO. 3 4 


. C.0MP.1LER_CPT IQNS-.t 


.li.N_Q002. 


.NAME* _ MAIN,OPT = C2,L - JNECNT.=6C,SIZE-OOflOK., 

SOURCE t EBCDIC, NCL l ST, NODECK, LOAD, MAP, NCED IT, 10, XREF 


_S U S.ROUJ.IH.E.. 0. LSI R II .1 V.A L ,J< V ALixK Y_4L2.iJ.AiJ- 

SUBROUTINE TO CALCULATE THE TRANSPIRATION IN EACH LAYER. 


ISN 0003 
ISN 0004 
ISN 0005 
ISN 0C07 
. I SN_30CB-_ 
TEN 0009 
ISN 0010 
ISN 0011 
I.SN 0C12 
ISN 0013 


DIMENSION TV ALl 5 ) , KVAL1 ( 5 1 , KVAL2 ( 5 ) 
REAL KVAL1.KVAL2.LA 1- . ... . 

IF (LAI.GT.lt GO TO 3 
CO 2 I =1 ,5 

T VAL ( I ) =T*K VALH I ) 

GO TO 5 
DC A 1*1,5 

. T V A L ( I ) *T»KVAL2( II 

RETURN 

END 






*%»**FC RTF. AN CROSS REFERENCE LISTIN G***** PAGE 002 


SYHBCL- — I MF RNAL STATEMENT- NUMBERS. 1 

1 0 3.07. 0008 OOG 8 C010 COll 0011 

T 0052 0008 0011 

LAI 0002 0308. . 0005 

00 






OISTR 7 


TYPE ADD. 
1*4 000CQ4 

_P^C-0CC09GL 


NAME TAG TYPE ADD. 

T F R*4 000088 

. M AL1 X R R* 4 Q.O Q Q QD_ 







LABEL AQOR 

„ ' 2 OCOClFO — 

*OPTlC\S IN EFFECT* 


label addr label aodr 

3 —QOOIO 2 £—000.1.0 / 

NA^E* M A I N * OPT *02i LI NECN T* 60 » S 1 2c* 0 0 OOKf 


LABEL AODR 


PAGE 005 


1 

♦ OPT IONS IN EFFECT- SOURCE , EBCDI C.NCUST , NOCECK , L GAO, Mft P, NOED I T, ID, XREF 

•STATISTICS* SOURCE STATEMENTS = 12 • F3CGPAM SIZE = 402 

• • i 


★STATISTICS* NO DIAGNOSTICS GENERATED 



*V*t i7~END^ GF~ COWP I L ATI GN ****** 103K BYTES OF CORE NOT USED 





LEVEL 21.7 ( JAN 73 ) 


OS/360 FORTRAN H 


DATE 77.084/ 14.40*47 


— — -CCmtcR .CPTIONS^NAKe=..-MAI,\VCPT=02tLJNECNT=60f S-iZE^OOQOK* — 

SOURCE i EBCDIC f NOLI ST, NODECK, LOAD ,MAP, N'GEDIT , ID ,XREF 

C ..... 

ISN 0002 _ -.SUBROUTINE- NCIST _ITHEV AL y ES ,TVAL. t rVAL JHB4INJ ; - 

C 

C TO CALCULATE THE SOIL MOISTURE CONTENT IN EACH LAYER 


ISN 0003 

ISM 0004 

JSN 000*5 
ISN 0006 

ISN DCGS 

ISN 0000 
ISN OOil 
_ ISN 0012 
I SN DC 1 3 
ISN 3015 

I SN .OOIb. 

ISN 0017 
ISN 0018 
_ .ISN, 0019 
ISN 0020 


ISN 
ISN 
_ I SN 
ISN 
ISN 

ISN 

ISN 
ISN 
_ISN 
T SN 
ISN 

ISN 

ISN 

ISN 


0021 

0022 

.0024 

0026 

0C27 

-0024 

0030 

0031 
. 0032 

0033 

0034 
.0035. 

0036 

0037 


c 

0 IMEMS TON THEVAL15) ,TVAL<5) ,ZVAL(5) f THEKJ.N{5) • 

R?A1 FI FFT1, ELEFT2, RMD.ES. ... ........... . . 



* . 1 




6LEFTl=ES 

IF ( ELEFTi.EC. 0. 0) GO TO 2 
1 00 19 1=1 .5 ._ ..... 

. *' ■ 






IF ( THEVAL 1 I > . EQ. . 1 1 GO TO 19 
ELEFT2=ELcFTl/2VAL ( I ) 

. TCK=THEVALl 1 1-ELEFT2. . .. . 






IF ( TCK.lt. * 1) GO TO LI 
THEVAL t l ) =TCK 

... GO TO ? .._ .. _ _ _ ... _ .. . .... _ 

11 FLEFT2=THEVAL ( 1 1 

ELEFTl=ELEFTl-(ELEFT2*lVAL(m 

THeVAL ( I ) = . 1 1 

c 

19 CONTINUE 

; * ‘ ■ ;■ 






2 DO 29 1=1, 4 

IF (TVAL{ D.EQ.O.O) GO TC 29 
IF (THEVALdl .LE.THEKINl I> > GO TO 21 



* 


.... 

TCK-THEVALM I-tTVAU I)7ZVAU D ) 
IF ITCK.LT.ThEMlNim GO TC 22 
' THrVAl ( n=TCK 


GC TO 29 

21 TVALt l+l ) =TVAL( I+l ) + TVAL(l) 
tuai ii i=n.n 


•V 





GO TC 29 

22 RMO=THEVAL ( 1 1 -THEM IN ( I) 



- 




TVALI I )=PHO*ZVAL( I ) 
THEVALU )=THEMTNU ) 






:<?*. -.uiy; 



.. *.c.: r- Sj-. ■ - =>^ ;i - - 




***** F OUTRAN 

SYMBOL INTERNAL STATEMENT.. NUMBER S. 

C R 0 s S 

R E 

FERENC 

E L I S T I N G****+ 

RAGE 

002 

I 03J8 0009 00 1 1 0012 0015 ' 0017. 

^ 0031 0032 CG34 0034 0035 0035 

ES COO? COO A CCC5 

0018 0019 

0035 0035 

0021 

0036 

0022 0024 

0036 0037 

0024 0026 0026 0026 0027 

0037 

0029' 0031 

0031 











/ 


MOIST / 


NAME 

TAG 

TYPE 

ADD, 

NAME 

TAG 

TYPE 

ADD. 

I 

SF 

r*4 

oooouc 

E$ 

:F 


R*4 

000090 

TVAL 

SF. , XR 

R + 4 

000000 

ZVAt_ 

F 

„ XR 

K * 4 

_coopqo. 

ELEFT2 

SF 

R*4 

0000A4 

THE MIN 

F 

XR 

R*4 

oobo do 


SIZE OF PROGRAM 000ZC2 HEXADECIMAL BYTES PAGE 00* 


name tag Type add. name tag type add. 

PMD SF R*4 000094 TCKSF R*4 000098 

0 1 S T 1*4 0 0 009 C ELEFTL SF R»4 OOOO AQ 

THEVAL SF XR R*4 000000 


LABEL ACOR 


LABEL AOOR 


■' ¥ 




i i innpmn), m.M U 1 ^ ■ . 



>i 


>v ; 


LABEL 


ADDR 


—l 000112- 
21 OOOIE6 


.11^. 000168- 
22 OOOIFE 


- 19 - — 000186 - 


LABEL 
2 - 


ADDR 

-oxxoiao. 


RAGE 005 


*’l ^OPTIONS IN EFFECT*™^. 

1 . i 

ii 

I’ * OPTIONS IN EFFECT* 


* 29 000224 

NA»fe*L tf A IN , OPT =02 , L I NECNT*60., S UB^OODOK., - _ 


SOURCE, EBCDIC, NOLIST , AGOECK , LC AD , HA P , NO-ED IT , I D f XR EF 



■*'' ' ■ : * "S'S'f'' “j 


LEVEL 71 .7 ( JAN 73 ) 


CS/360 FORTRAN H 


DATE 77 . 084/14.40. 59 


ISM 000? 
ISN 0003 
ISN 0004 
ISN 0005 
.1 SN . 0007 
ISN JOG'? 
ISM Q31Q 
.ISM. .00 12 
ISN 0313 
ISN 0014 
ISN 0015. 
ISN "0016 
ISN 0C17 
JS.N 0018 


IKPI.LER_CP_T XCNS _=_7IAM£= MA IN , OP.T =02.» LINECN L=60« S.I ZE.-QilQ.QK 4 

SCyPCF. »E9CD I C (NOLI ST , NODECK , LOAD ,MAP , NOFDIT, IO.XREF 
SyRaOUTINE £ TIMER (TGOD.OFTN.GDDMD, GDDO AY, STAGE, JJJ.MMO, GOD VAL) 

REAL T GOO , COOVAL ( 5 ) . _____ 

INTEGER OPTN 1 5) , GDOMC ( 5 ) ,GD0CAY(5> , STAGE 
IFIOPTNI STAGE! .EO.O) GO TO 1 

_ IFIGODHQI STAGE) . EQ .MRQ . AND .GODDAV I ST AG E ) ,E Q . J J J ) GO TO ? 

' " \ ; "GO TO 3 

1 [FITGOD.GE.GCCVALISTAGE) ) GO TO 2 

GG TO 3 . , . ' 

2 GDDMni STAGE l-MMO 
GDDDAY [ STAGE 1 =JJJ 

V : G OOVAL.tST A_GE_) -TGO D ; 

STAGE- STAG E»l 

3 RETURN 

END ; .. _ 



0 R T R A N 


CROSS 


R E F £ R E N C E 


i 


-SYKBCl INTERNAL.. STATE KENT—fiLlMBE-RS. 

JJJ 0002 0007 0014 

MMO 0002 0007 0013 

_QPTN CO 02 _ 0004 0005 

TGDD 0002 0003 0010 0015 


GOCMO 0002 0004 00C7 0013 

.STAGE 0002 000.4 00Q5 0.00.7 OH 07 — OOLQ — OH 13. 

CTIMER 0002 

GCCCAY 0002 0004 0CC7 0014 

.GOOVAI OOQ2_0001_.HQ1Q 0Q15 — 1__ 




f 


j j 0 R T R A N CROSS REFERENCE LISTIN G****» PAGE 003 

! 4> ' — 

^ LABEL _CEF INEQ. REFERENCES I —l 

! !»l l 001 G 0005 

2 00 L 3 OC 07 0010 

; ^J_.P0L7 0 009 ,0 012 , - . - 













$■ ■• --* - •■-■ 


mmmmmmmmmm 


F128-LEVEL LINKAGE EDITOR OPTIONS SPECIFIED LET, LIST, MAP 
DEFAULT OPTIONIS) USEO - SIZE 3 ! 159744,24576 1 


_ENTP.Y_ADDP.ESS_ 
TOTAL LENGTH 


__0Q_ 


MODULE MAP 


l 

CONTROL SECTION 


ENTRY 








t 

NAME ORIGIN 

LENGTH 

NAME 

LOCATION 

NAME 

LOCATION 

NAME 

LOCATION 

NAME 

LOCATION ‘ 

* 

-.MAIN 0<I 

357fl__ 

"■ ; • . 




/ *• 




, . 

POTEVA 3578 

29A 







* 



TRANS 3818 

478 










EVAP 3C9Q_ 

342 








• . * 

i- 

DELTA 3FD3 

F 6 


* 1 >v ' ' 

' * V ; • S. 

■ ; 





L 

CLCKER 40 CO 

506 


■ : . - r •>':* * •* 

. ••• 







t CAYL 46A 3 

284 _ _ 



r . V ;. v/ : 

' ' ’ '■ . 





- 

1 CAYO 4930 

2 BE 









, j 

OrSTR 48 CO 

192 








" ' ' 

V 

— ..MOIST 4053 

2C2 _ _ 










CTIMER 5020 

108 




r- • . ■% \ v. . 




- 


IHCSEXP * 51 F 8 

192 


• * 


'+!**■ . ..'I ; v- ' - v ~ 


-• .. 

* ' .. 


- V 



E*P 

51F8 








IHCFRXPR* 5390 

183 












FRXPR# 

5390 








IHCECC*H* 5518 

F6 1 









- 



I8CCM# 

5518 . 

FDJOCS# • 

5504 

INTSWTCH 

645E 




; IHCCCMH2* 6480 

65D 

S ECO AS C 

67P8 . 



r^v ; : 





INC S SORT* ~ Va'E0 _ 

145 

SORT 

6AE0 







¥ 

LHCECVJm 6C2.8_ 

USD 












APCCN# 

6C28 

FCVAOUTP 

6C02 

FCVLQUTP 

6062 V 

FCVZOU.TP 

6EB2 


1 

f 


FCVIOUTP 

7260 

FCVEOUTP 

7762 

FCVCOUTP 

797C 

INT6SWCH 

7C63 


| ,1HCSL0G_* ,70C.a_ 

1B6 












ALOGIO 

7CC8 

ALOG 

7DE0 




. 


IHC6FNTH* 7F80 

54 2 

ARITHX 

7F8G _ 

AD.lRMTf.H 

_ _ 83 1C ._. 






IHCEF I OS* 64C8 

F28 ;'u 









. 



FI CCS# 

84C8 

F IOCS SEP 

■/• ; ^84CE‘ 

^;r : r 

. V v :" 

v ; :, ■;.> ‘ ’ 



IHCF.IQS.2* 93 E.CL- 

S2F 






' 

v - : . 4 

■ 4 . ’■ .*• . " *■' ■ 


IHC6RRM * 9920 

5D4 

ERRMQN 

9920 

IHCERRE 

9938 



• - 



IHCUQPX-* 9EF.8 

30Q 








' . 


IHCETRCH* A IF8 

28E 







* 


• • 



IHCTRCH 

A1F8 

ERRTRA 

A2 00 






LHCUAIBU! A4fl.B_ 

208 






;i, : 



; 


A690 

_*»A*HA1N — -DOES N CI_£)U.S T ...aUT H -AS_a££N_ADD£D_J:CLDAI A_SET. 


'.it 






KSU MODEL 6 FOR WHEAT OF IS76-76 

-MAXIMUM-AVAILABLE. .WAT £(L_( 250^000.0 

THETA SUP V (15 PAR) . 0.1300 

~fi hetT": i nit’ i’al in 5 ft~prcf7le <mm) 293.5000 

J 8 ETA SU B 5 CM. L AVE R . .. , Atw 0 ._2 0.00 

U (MM) 10.0000 



ALPHA (P-T) . 




‘ 


I;** ;; 



|;;; ■ 

SOIL CONSTANT (MM DAY TO -1/2) 



• 



| ; : . U 

X SUO 5 ( INIT. WATER CONTENT IN 5 CM. 

LAYER, WT.. 0.1700 





$. ~ ‘,1 

FIELD CAPACITY. . ... .... .. .. .. . ... . . . , 

434.9990 


* 

* 


IS- : V 

BPTS MULTIPL I ER . . . . . .... .V. ..... . . . . 

........... 1*4000 


- 

, ■ 


K-p. 1* ' 

PLANT I NG DAT F . 

......... -.OCT 1 , 1975 



* 


1-1;] 

FIELD/LOCAT ICN. • ........... •••••• . . . 


■ 







« *»*.' ^wsi£«2, : . u' ’ 


.OS 




KSU MQOEl 6 FOR WHEAT OF 1976-76 


h :■ 

;.-?-■ 
f. 9 

I i 9- 

r 9 

M 

: 

H — ’• 

h 9 

it 9 

f I — — 9- 

h 9 

i' 9 

r — 9 - 
r 9 

K£_I 
1 9 
1 9 
:*--?■ 

i-l 

* 9 

9 


MAX 

MIN 

TAU 

PNS 

SOLAR 

• NET 

-LEAF 



TEMP. 

TEMP -i 


..RAD. 

- RAD _ 

RAD ... AREA OflVFR 

.RAIN- 

(C) 

(C) 


(LYS) 

t LYS ) 

< LYS ) 



i MM) 

36.7. 

,19 . 4_ 

,1. CO- 

3.37.54 574.0^337.5 

n. n. n.o 

n-n 

35 .6 

20.0 

1.00 

314.51 

550*0 

314.5 

0.0 

0.0 > 

0.0 

36.7 

22.2 

1 * CO 

174.46 

404.0 

174.5 

0.0 * 

0.0 

0.0 

33.9 

13.3., 

l.Ci) 

224.34 1 

: 4 5 6 . 0_ 

224.3 

— 0.0 

Q, 0 

-0.0- 

29.4 

19.3 

1.00 

78.53 

304.0 

78.5 

0.0 

0.0 

2 . 00 

29.4 

11. 1 

i.oo 

334.66 

571.0 

334.7 

0.0 

0.0 

0.0 

34.4. 

.15.6 1*00..: 

318* 3.5 

-554.JL 

3.1 8 .,4_ 

O.C. 0.0 0.0 

3 l . 7 

17.8 

1.00 

233 .93 

466.0 

233.9 

0.0 

0.0 

0.0 

33.3 

17.2 

1.00 

104.43 

331.0 

104.4 

0.0 

0.0 

0.0 

31. 1 


-1.00 

104. 43_, 

-141. 0„ 

— 78.8, 

_0.0 

0.0 


28.3 

12.8 

1 . GO 

104.43 

105.0 

-112.4 

0.0 

0.0 

19.60 

21.1 

7.8 

1.00 

304.92 

540.0 

304.9 

0.0 

0.0 

0.0 

32.8 


-l.OO.. 

.225.30 

457.^0 

225.3 

_0.0 

_0.0 

0.0 

20.0 

10.0 

1.00 

225.30 

112.0 

-105.7 

0.0 

0.0 

1.80 

17.2 

11.7 

1.00 

225.30 

129.0 

-89.4 

0.0 

0.0 ' 

1 .30 


14 20.0 

15 17.2 

J6_22.2 

17 22.2 

18 21.1 

-1.9 20.6, 


,1,00.. 57.42 282.0^,. 57*4, 

1.00 116.90 344.0 116.9 

1.00 116.90 165.0 -54.8 

-1*00-1 2 1.70 349.0 121. 7__ 


56 

3,9.4 

6.1 

1.00 

264.63 

498.0 

264.6 

0.0 

0.0 

2.50 

21 

19.4 

7.2 

1.00 

256.96 

490.0 

257.0 

0.0 

0.0 

0.0 

.22. 

—22.8- 

—2*8— 

-i.oo. 

.268.47— 

.502.0. 

_268.5- 

_0.CL 

: 0> 0 

.. • n. n 

23 

26.7 

4.4 

1.00 

258.88 • 

492 ,0 

258.9 

0.0 

0.0 

0.0 

24 

23.9 

4.4 

1.00 

91.46 

318.0 

92. C 

0.0 

0.0 

0.0 

-25 21. L 

3.3 1.00. 

.264 .63 

-49 8.0 264. 6_ 

p . 0 _0. 0- 

0.0 

26 

25.0 

4.4 

1.00 

252 .16 

485.0 

252.2 

0.0 

0.0 

0.0 

27 

22.8 

11.7 

1.00 

166.78 

396.0 

166.8 

O.C 

o.6 

0.0 

.23 

— 17.2. 

6.7 _ 1.00 

. 166*78 — 

117.0., 

-52.9 ,Q.0_ 

0.0- 

0.0- 

29 

25.6 

3.3 

1.00 

264.63 

458.0 

264.6 

0.0 

0.0 

1.50 

30 

23.3 

12.2 

1.00 

264.63 

54.0 

-161.3 

0.0 

0.0 

0.0 


6.103 

3.461 

1.408 
5.826 


0.0 

4.676 


3.924 

3.832 


4.024 

2.668 


1.112 

0.938 


0.747 
0.687 


0.631 

0.568 


0.0 

3.464 


2.906 
2. 833 


*50 0.0 

12 0.0 

>38 O.JCL 

0.826 
0.747 


TOTAL 


1.112 292.05 

0.938 290.94 


0^826. 

0.747 

0.687 


2,9,3. 50 J-0.jS4 O.XL 

292.05 0.63 0.0 

290.94 0.62 0.0 

23 0 . 00 dm 6.2 0.0- 

291.17 0.62 0.0 

290.43 0.62 0.0 


0.601 

289.10 

0.61 

0.0 

0.568 

288.50 

0.61 

0.0 

,0 . 0 _ 

.... 2.8 7_,9.3_ 

-0..61 CL-.0 


0.0 

3.464 

307.53 

307.53 

0.61 

0.73 

0.71 

0.0 i 

0.0 I 

JjJ 0 1 

2.663 

...3.0-4*07 

0.0 

303.20 

0.71 

o.o 

0.0 

304.50 

0.71 

0.0 * i 

0.666 304.80 

0. 71 a. 0 

1.392 

312.72 

0.*77 

0.0*^ 

0.0 

311.82 

0.77 

0.0 1 

JL.5-90 3 11 .82 0 .7 6_ 

0.0 

2.906 

312.93 

.0.77 

0.0 * 

2*838 

310.03 

0.75 

0.0 


1.450 305.36 0.72 

1.112 303.91 0.71 

0.826 301.86 0.70 0.25 

0.747 301.03 0.69 *0.44 

0 . Q 3_0O.^2a 0..69 .0 .37. 

0.687 301.78 0.69 0.68 

0.0 301.10 0.69 0.88' 


TOTALS 


38.10 85.294 30.498 
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KSU MODEL 6 FOR WHEAT CF 1976-76 

!>t 


r*i 



1 

S' 

MAX 

min 

TAU 

RNS 

SCLAR 

NET 

LEAF 



POT. 

SOIL 

TRAN • 

A 

TOTAL 


KS 

- 


1 

» 

MO 

DAY 

TEMP 

TEMP 


RAD. 

RAD 

RAD „ 

AREA COVER RAIN 

FVAP 

EVAP 

EVAP 

EVAP 

EVAP 

theta 


ft MT$ 

GOD 

: 




(c i 

(C) 


( LY5 ) 

(LYS) 

( LYS ) 



( MM) 

( MM ) 

(MM) 

{ MM) 

( HM ) 

(MM) 

(MM) 






10 

l 

20.0 

0.0 

1.00 

,223 .38 

455.0 

223. 4 

O.C 

0.0 

0.30 

_J.?35_ 

0.639 

0.0 

0.0 

0.639 

301.40 



0.0 


M 

LO 

2 

23.3 

2 • B 

1.00 

235.95 

468.0 

235.9 * 

0.0 

0.0 

. 0.0 

3.647 

0.601 

0.0 

0.0 

0.601 

300.76 

0.69 

1.03 

a.o ’ 

0 


10 

3 

27.2 

7.2 

1.00 

232.01 

464.0 

232.0 

O.C 

0.0 

0.0 • 

3.863 

0.568 

O.C 

0.0 

0.568 

300.16 

0. 68 

1.05 

0.0 



10 


28.3 

6.7 

0.99 

215.08 

44 8.0 

216.7 

0.01 4 

0.01 

0,0 

_3. 651 

0.540 


0.0 

0.561 

299.59 

0.68 

_JL,06 

0.0_ 


«* 

LO 

5 

28.3 

U.i 

0.59 

155.08 

427.0 

196.5 

0.01 

0.01 

0.0 

3.374 

0.516 

0.019 

0.0 

0.536 

299.03 

0.68 

1.09 

0.0 

\ 0 

* > 

10 
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56.5 

*«.58 .4 

66.1 

21.9 

*190. *.9 

96.8 

93.9 

46 .9 

72. 8 
-74.0 


0.19. 0.L4_ 

0.18 0.13 

0.18 0.13 

0.17_0.13_ 
0.17 0.13 

0*16 0.12 
0. 16_0. 12^ 
0.15 0.11 

0.15 0.11 

0. 14^0. 10, 

0.14 0.10 

0.13 0.10 


0.0 ‘ 0.0 

0.0 0.229 

.0.0. .0.0 6L- 

0.0 0.0 

0.0 0.0 

-L.GG Q.223_ 

0*0 0.277 

0.0 0.218 

.0.0 ..o.o. _ 

0.0 0.565 

0.0 0.0 

0.0 .0*0 

0.30 0 .605 

0.0 0.0 

J>. 0 0.030 

o.o 6.6 

0.0 0.380 


). IQ 0 . 0 Q..0_ 


0.12 0 

0.12 0 

.0 . 12 0 


,10 0 

,10 0 


.09 0.0 

.09 0.0 

,09 _o.o„ 

,09 0.0 

.08 0.0 
* 0.3 _o.*a_ 

.07 2.30 


0.0 0. 

0.0 0. 

-G.G34 0, 

0.0 0 . 

0.0 0 . 

03 

0.0 0 , 

0.142 0 . 

JL* Jb* 

0.370 0 . 

0.0 0 . 

_P_*P 0_, 

0.401 0 , 

0.0 0 . 

& 

0.0 0 , 

0.256 0 . 


■ LO_Oi 
,10 0 . 
,10 0 , 


0.745 
0.695 
_0.8 25— 
0.889 
' 0.247 

jub. 

0.766 
1.064 
_Q.6 29_ 
1.02 5 
0.0 


0.505 
0.471 
^Q-.35S_ 
0.603 
0. I6B 

-Q-* .Q — 

0.527 

0.732 

_0*u.433_ 

0.705 

0,0 


0.073 

0.068 

.il-BBJL-. 

0.087 

0.022 

J3*.Q_ 

0.063 

0.087 

0.052 

0.084 

0.0 


TOTAL 


(MM) (KM) 


0.0 ‘363.69 

0.0 363.69 

0.0 *363.64 

0.0 363.64 

JL.Q 3.64^6 A_ 

0.0 364.64 

0.173 364.64 

3j5A*JljL 

0.446 364.47 

0.0 364.02 

J 1*0 36 _ 4 ^ 0 _ Z _ 

0.474 364.32 

0.0 363.85 


JQ_. 023 3 63. 85 

0.0 363.83 

0.296 363.83 


0.690 

0.191 

jub 

0.590 

0.820 

J3.3t.a4. 

0.790 

0.0 


36 3 .6a ... 1 .00 1.60_ 

363.69 1.00 1.60 

363.69 1.00 1.60 

3A3.-69 L.00 1.60_ 

363.64 1.00 I; 60 

363.64 1.00 1,60 

I._0 Q 1. 6 Q_ 

364.64 1.00 1.60 

364.64 1.00 1.60 

364 .47. 1 . 0 0 U6 0_ 

364.47 1.60 * 1.60 

364.02 1.00’ 1.60 

364.J12 UHQ U61_ 

364.32 1.00 1.61 

363.85 . 1.00 1.61 

3 .63.^85 1 «J)0 \jJOL 

363.83 1.90 1.61 

363.83 1.00 1.61 


0.578 363.53 

0.539 362.95 


361.77 1.00 1.61 

361.08 1.00 1.61 

36Q*aa_ua£ U6 

363.19 1.00 1.61 

362.60 1.00 1.61 

361.30 1.00 1.62 

360.51 1.00 1.62 


TOTALS 


3*60 10.404 6.572 0.928 


7.500 





o o o b o o 



HE 


rg 




MAX 

MIN 

TAU 

RNS 

SOLAR 

NET 

LEAF 



M0„ 

CAY TEMP 

i TEMP 


RAD 

_RAD _ 

_ RA0_ 

area. 

COVER RAIN 



(C) 

(Cl 


( LYS) 

( LYS) 

(LYS) 



< MM) 

_JL 

l 

12.2 

2.2 

0.54 

7.95 

_23l.O 

,8. 5 

0> 09 

0.07 

0.0 

2 

2 

8.3 

-L..1 

0.94 

7.95 

87. 0 

-129. 6 

0.09 

0.C7 

0.0 

2 

3 

12.6 

-4.4 

0.94 

55.53 

28 4.0 

59.3 

0.09 

0.07 

0.0 

M 2 

j. ::‘4- 

9.4 

-10.6 

w 0. 94 

55.5 3 

220 .0 

_ -2.1 

.0.09 

.0.07 

J) .0 

2 

5 

-5.6 

-11.1 

0.94 

55.53 

185.0 

-35.6 

0.09 

0.07 

0.0 

2 

6 

-2.2 

- 13. 9 

0.94 

79.77 

311.0 

85.2 

0.09 

0 .07 

0.0 

2 

7 

17. B t 

-14.4 

___G .94^ 

112.92 

347.0 

119.0 

0.08 

_0 . 06 

0.0 

2 

ft 

21.1 

—7.8 

0.94 

105 .65 

339.0 

ill. i 

0.08 

0*06 

0.0 

2 

9 

2B.3 

-1.1 

0.94 

33.33 

259.0 

35.4 

o.ca 

0. 06 

0.0 

2 

10 

22.2 

7.2 

0.94 

0.01 

231.0 

8.5 

0 . 08 

0. 06 

0.0 

2 

LI 

17.2 

“-7. a 

7 0.94 

129.20 

"*365.0“ 

137.0 

0 .08 

0.06 

0.0 

2 

12 

25.0 

1.7 

0.94 

97.54 

330.0 

103.5 

0.08 

0.06 

0.0 

2 

13 

15.6 

-3.3 

0.54 

119.25 

354.0 

126.5 

0.08 

0.06 

0.0 

2 

w 

2 i;r 

’ -278 

*7.0 .94 

1 19.25 

lie. 6“ 

-9979 

“o.ca' 

0.06“ 

0.0 

2 

15 

18.3 

0.0 

0.94 

129.15 

366.0 

138.0 

0.09 

0.07 

l . 30 

2 

16 

16.1 

2.2 

0.54 

4.36 

227.0 

4.7 

0.09 

0.07 

0.0 

~ 2 

“ 17 

7 17.2 

* -1.7 

*0.93 

133.55 

~ 372 • 0 

143.8 

~o. 10' 

0. 07 

0.0 

2 

IB 

20.6 

-3.9 

0.93 

85.42 

318.0 

92.0 

0. 10 

0.07 

0 .0 

2 

19 

IT. a 

-4.4 

0.92 

151. 14 

393.0 

163. 5 

0.11 

0.08 

0.0 

2 

20 

22.2 

3.3 

0.92 

96.47 

332.0 

165.4 

■*0.72 

0.09 

67q 

2 

21 

15.6 

-3.9 

0.90 

0.74 

223.0 

0.8 

0. 14 

0.10 

3.30 

2 

22 

12.8 

-3.9 

0.90 

169.08 

419.0 

188.8 

0.15 

0.11 

0.50 

2' 

23 

"24.4 

-3.9 

' 0.88 

156 .45 

407.0 

*777.3 

0 .17 

*0.13 

6.0 

2 

24 

23.3 

1.7 

0.08 

138.50 

387.0 

158.1 

0.1 8 

0.13 

0.0 • 

2 

25 

10.9 

-0.6 

0.87 

127.48 

375.0 

146.6 

0. 19 

0.14 

0.0 ‘ 

2 

26 

23.9 

"^-4.4 

0.86 

61.14 

296.0 

70.9 

6.20 

0.15 

0.0 

2 

27 

25.6 

-1.7 

0.85 

129.58 

381.0 

152.4 

0.22 

0.16 

0.0 

2 

j 29 

21.7 

-L.l 

0.84 

144.02 

400.0 

170.6 

0.23 

0.17^ 

Q.Q 

2 

29 

17.2 

0.0 

0.84 

■ 144.02 

56.0 

-159.4 

0.25 

6.19 

0.6 

TOTALS 
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o o o o o‘o 










^£VAPL^_ 

FVAP 

^EVAP^ 

PVAP 

. FVAP . 

THFTA 


8MTS 

t MM ) 

(MM) 

I MM) 

(MM) 

(MM) 

(MM) 



0-0 

0.0 

0.0 

T 0.0 _ 

0.0 

349.19 

1-00 

'1.74 

- 0.0 

0.0 

0.0 

0.0 

0.0 

349.19 

1.00 

1.75 

■' 0.623 

0.377 

0.138 

0.0 

0.516 

349. 19 

1.00 

1.75 

.0. 0 

0.0 

__ 0 .. 0 _ 

■n - o 

0.0 

J6MI-. 

-1*00- 

1.75 

L.3S6 

0.817 

0.339 

0.0 

1.156 

372..Q7 

1.00 

1.75 

2.556 

1 .47 4 

0.655 

0.0 

2.128 

370.92 . 

1.00 

1.75 

1.976 

1.131 

_ 0.515 

0.0 

1 .650 

368.79 

1.00 

1.75 

0.0 

0.0 

0.0 

0.0 

0.0 

369.44 

1.00 

1.76 

3.239 

1.78" 

0.956 

0.0 

2.742 

370.44 

1.00 

1.76 

3.244 

1.763 

0.998 

0.0 

2.761 

L- 

1^.00 

1. 78 

o’. 0 

0.0 

0.0 

0.0 

o.o 

3 64.94 

1.00 

1.79 

C.900 

0.472 

0.305 

0.0 

0 .776 

364.94 

1.00 

1.79 

3.269 

1.683 

1.145 

0.0 

2.833 

364. 16 

1.00 

1.79 

2.121 

1.079 

0.768 

0.0 

1.847 

361.33 

1.00 

1.79 

0.0 

0.0 

0.0 

0.0 

0.0 

339.48 

uoo. 

1.80 


_3 . 74 7 1 .1 10 1.443 


J3.0 


Jt._5.5_S 360,78 1.00 


4.035 

1*450 

1.599 

0.0 

3.049 

358.23 

1.00 

1.80 

3.853 

1.112 

1.591 

0.159 

2.863 

355.18 

1.00 

1.82 

_3. 366 

0*333 

1.4 26 

0.143^ 

2.5.07— 

357.31 

1 .00 

1 - 85 

3.697 

0.826 

1.645 

0-0 

2.472 

349.81 

1.00 

1.87 

3.809 

0.747 

1.751 

0.0 

2.498 

347.33 

1.00 

1. 87 

_2..975__ 

0 *„68 7 

1 . 876* 

0.0 

—2,*5 63 

—34.4. 84 


1.87 

4.694 

0.639 

2.266 

0.0 

2.905 

342.27 

0. 96 

1.33 

' 4.577 

0.601 

2.24 7 

0.0 

2.848 

339.37 

C . 95 

l . 51 

2-1 51 

0.568 

] .077 

0.0 

1 .640 

336-5? 

0.93 

1 >9? 

0.0 

0.0 

0.0 

0.0 

0.0 

334.85 

C . 93 

1.94 

4.691 

0.540 

2.521 

0.0 

3.062 

336.18 

0.92 

1.55 


0.0 , .. 

. 0-0 

o . o .:: 

— Q . Q - — 

333. 1 7 

0-57 

1.97 

0.0 

0.0 

0.0 

0.0 

0.0 

333.12 

0.92 

1.99 

4.343 

1.430 

2.680 

0.0 

4.118 

342.22 

0.96 

2.00 

3-. Q 27 

__ Q _^ S 6£__ 

— L ..862 

0 - 0 

— 2...831 L . 

-33 BMQ ..., 

0.94 

. Zm 01 


69.288 22.203 29.810 0.302 52.315 



pot. 

SOIL 

TRAN • 

A 

TOTAL 


EVAP . 

EVAP 

EVAP 

EVAP 

EVAP 

.THETA 

(MM) 

(MM) 

(MM) 

(MM) 

(MM) 

(KM) 

5.366 

1.653 

3.323 

0.0 

4.977 

335.27 

5.703 

1.706 

3.475 

0.0 

5.181 

330.29 

5.1 U 

1.463 

3.101 

0.0 

4.564 

3 2 5. -11 

0.686. 

0.181_ 

0 *.407 

0.. 0 

_J0.556_ 

3 2.0^ 

5.201 

1.373 

3.122 

0.0 

4.495 

319.95 

4.692 

i. 194 

2.748 

0.0 

3.942 

315.46 

0.0 

0.0 

0.0 

0.0 

0.0 

311.51 

0. 702 

0.160 

0.449 

0.0 

0.609 

3 2-1-91 

4.944 

1.046 ' 

3.214 

0.0 

4.261 

321.31 

A. 509 

0*886 

2.892 

0.0 


317.34 

0. 174 

0.033 

0.109 

0.0 

0.142 

313.57 

5.361 

0.979 

3.383 

0.0 

4.362 

313.42 

3.985 

0.701 

2.440 

0.0 

3.141 

309.06 

4.528 

0 .765 

2.715 

0.0 

3.483 

30^92 

* 2.778 

0.458 

1.696 

0.0 

2.153 

307.24 

, 5.953 

0.559 

4.994 

0.0 

5.953 

353.38 

0.0 

0 . 0 

0.0 

0.0 

0.0 

357.83 

4.755 

0.734 ' 

4.061 

0.0 

*4.795 

357.83 

_5.025 

0.752 

4 . 2_73 

O.fr* 

5.025 

Ji3 

2.4 07 

0.355 

2 . U 52 

0.0 

2.407 

369. 11 

6.227 

0.898 

5.329 

0.0 

6.227 

397. c 0 

5.215 

Q.74J 

4.474 

0.3 

5.215 

3 9 X..j67_ 

4.9 72 

0.691 

4.280 

0.428 

5.400 

386.46 

0.086 

0.012 

0.074 

0.0 

0.086 

387.16 

3.889 

0.525 

3 .364 

0.0 

3.889 

3 67.07 

1.0 00 

0.133 

0.867 

o.c 

1.000 

363. 18 

0.0 

0.0 

0.0 

0.0 

0.0 

3 82.18 

0, Q 

- 0. 0 

, 0.0 

0.0 - * 

„ 0.0 _ 



4.334 0.560 3.774 0.0 

2. 153 0.277 1.88.2 0.0 


4.334 402.78 1.00 2.33 

2.158 400.25 1.00 2.35 






MAX 

MIN 

TMJ 

PNS 

SOLAR 

NET 

LEAF 


^0_CAY. 

.TEMP*. 

T EMP 

, ,, 

. .RAD ._ 

pao*,; 

RAC AR.EA..CQVER — 



(C) 

(C! 


( LYS| 

TLYS) 

(LYS) 



5 

_1 22. Z_ 

. 1.. 7 

0.17. 

_J6 *02. 

_648.Q- 

4 4 2 * 5_ 

_2* 3.9 L..OO 

5 ! 

2 

21.1 

8.3 

0.17 

76.41 

654.0 

448.1 

2.40 

1.00 

5 

3 

17.fi 

-2.2 

0.17 

86*35 

721*0 

510.1 

2.41 

1.00 

5 — 

-4_ 

26.7 

.... 5.6- 

0.17. 

74.91 

_ 649.0. 

4 42. .5.* 

-.2.41 _ 

1*00_ 

5 

5 

25.6 

13.9 

0 .17 

17.94 

282*0 

103.7 

2.38 

1.00 

5 

6 

18.9 

6.1 

0.18 

72.89 

615.0 

411.9 

2*35 

l.CO 

5_ 

_7— 

J0.^ 

1 . 7 

..0.18. 

j 88.37. 

690,0. 

481.A- 

_a..3o_ 

JL*QO 

5 

ft 

20.6 

2.2 

0. 19 

95.04 

709*0 

499.0 

2.25 

1*00 . 

5 

9 

18.3 

fi . 3 • 

0.20 

40.06 

389.0 

202*7 

2.20 

1.00 

5 

10 

24.4 

6.7 

0.21 

78.96 

^ 586.0, 

385.1 

2 .15 

1.0 0_ 

5 

11 

28.3 

9.4 

0.21 

1 03 .00 

693.0 

484. 2 

2. 10 

1.00 

5- 

12 

2 5.6 

14.4 

0.22 

33.91 

336.0 

153.6 

2.0 5 

1.00 

5i1 : 

13 

20.6 

6-7_ 

.0*23, 

45.36 

384.0 

198.1 

2.00 

1.00 

5 

14 

22.8 

io.6 

0.24 

82.92 

547*0 

349.0 

1.5 5 

i*00 

5 

15 

24.4 

10.6 

0.24 

92.92 

127*0 

-39.8 

1.90 

1.00 

- 5 _ 

16 

22.8 

9.4 

0.26 

16.80 

24 1*0 

65.7 

_1.85 _ 

l.00_ 

5 

17 

22.2 

3.9 

0.27 

140.28 

741.0 

528.6 

1.80 

1.00 

5 

10 

24.4 

2.2 

0.28 

143.76 

734.0 

522.1 

1.75 

1.00 

5 

-19_ 

_23 .9. 

— .12.8- 

.0.29. 

.142*54 

709*0. 

_499.0_I.70_ 

.1 *00 — 

5 

20 

29.4 

13.9 

0.30 

1 2° • 78 

6 43.0 

437.9 

1.65 

1*00 

5 

2 i 

28.3 

16. 1 

0.31 

97.64 

513.0 

317.5 

1*60 

1.00 

5 * 

22. 

27*2 

. 15.6 . 

0.32 

J 29.53 

_ 270*0. 

92.5, 

„a.55_ 

l.00_ 

5 

23 

25.6 

13.3 

0.33 

20.8 3 

238.0 

62.9 

1.5 0 

1.00 

5 

24 

20.6 

10*6 

0.34 

27.65 

257.0 

80.5 

1. 4 5 

1.00 

5j 25— 

, 2 1.1. 

_ll.j_ 

JO* 36 

.121*73. 

_5 3 q 

341 *6 JL» .4 0 1 *0.0- 

5: 

26 

17. a 

11.7 

0.36 

121.73 

123.0 

-43.5 

1.3 5 

1.00 

5 

27 

23.9 

6.1 

0*38 

148*09 

587.0 

386.0 

1*30 

0.Q6 



_2a_ 

.2.8.3 11. 1—Q..40.. 

U 96^76 70 4 • 0_ 

_4.9.4 . 3 JL. 25 0 ,.53_ 

5 

29 

31.1 

15.6 

0.41 

141.44 

540.0 

342.5 

1.20 

0*89 

5 

30 

27.8 

15.0 

0.43 

71*39 

350.0 

166*6 

1*15 

0.85 


5 3 1„_26 . X. „U ..L__0 . 1 61 .13 562UQ 3 63.. J 1 ..10 0 * 31 - 


TOTALS 


;3'v 

POT. 

SOIL 

TRAN * 

- A ■ 

-TOTAL 


KS 


RAIN: 

evap 

FVAP 

EVAP 

FVA? 

J: FVAP. ... 

THETA , - 



( MM 7 

(MM) 

(MM) 

( MM ) 

(MM) 

( MM) 

(MM) 



1*30 6*653 

0.85? 

5_..84J 

0.0 

6 .693 


JL*uOQ 

_2.38_ 

0.0 

6.890 

0*670 

6.020 

0.0 

6.e90 

392.70 

1.00* 

2.41 

0.0 

7.027 

0.831 

6.146 

0.0 

7.027 

385.81 

1.00 

2.43 


7.260. 

Q.9L0 

6-349 0*0 

1.26.0— 

_3LZE.J_.ej_ 

1.00 ..2. 46_ 

0*0 

1.738 

0.223 

1*5 15 

0.0 

1.738 

371.52 

1.00 

2.51 

45.00 

6.055 

0.794 

5.261 

0.0 

6.055 

4-14.78 

1.00 

2.54 

0.0 

6.7_oa__ 

0.939 

5.969 

0.0 



_A.g8.73_ 

X.OOL, 

_2L.56_ 

0*0 

7.377 

1.041 

• 6.336 

0.0 

7.377 

401.82 

1.00 

2. 58 

0.0 

\ 2.9 88 

0.437 

2.551 

0.0 

2.988 

394.44 

1.00 

2.61 

_o.3Q_ 

6.161_, 

0.436 

5.225 

0.0 

6.161 

391.75 

1.00 

_2.65„ 

o.b 

8.255 

1.301 

6.954 

0.695 

8.950 

385. 54 

1 .00 

2.69 

7.40 

2.583 

0.422 

2. 160 

0.0 

2.5 83 

384.04 

1.00 

2.75 

0.0 

2.996 

0.508 

2.488 

0.0 

2.996 

381.46 

1. QO 

2.78 

4.60 

5.540 

0.975 

4.565 

0.0 

5.540 

383.06 

1.00 

2.82' 

u .0 

0.0 

0 .0 

0.0 

0.0 

0*0 

377* 52 

1.00 

2.86 

^A.o_ 

_ 1.040_ 

0.197 

p._8_43__ 

0.0 

. 1.040 

_377.52— 

JL.OO__ 

2.5CL 

0.0 

8.084 

1.589 

6.495 

0.0 

0.0 64 

376.40 

1.00 

23 53 

0.0 

0.181 

1.669 

6.513 

0.0 

8.181 

368.40 

1.00 

2.97 

0.. Q_ 

8.601- 

L..83.0_ 


QaAS-SL 

, S.3J2_ 

_3.6_Q* 22 1.00- 

-*3.-03_ 

o.c 

7.711 

1.693 



6.018 

0.602 

8.312 

350.85 

1.00 

3.07 

0.0 

5.566 

: 1*268 

4.153 

0.0 

5.421 

342*53 

0.97 

3.11 

5 • 6Q„ 

1 . 556-. 

0...226- 

_ '1.179 ,0.0 

J L.406 3A2jJ_1 CL..1Z 3.. L5_ 

1.30 

1.053 

0.258 

0. 768 

0.0 

1*026 

342.61 

0.97 

3.19 

1.00 

1.241 

0.316 

0.900 

0.0 

1.215 

343.38 

0.97 

3.21 

1^.0. 

5.33 8 

1 .409 

3._02_6_ 

0.0 

5.235^ 

_JA: L.J56_ 

J1.3..7- 

.JL *24. 

* 3.80 

0.0 

• 0.0 

0.0 

• 0.0 * 

v. 0.0 

342.23 

0.97 

3.26 

5.30 

6.112 

1.737 

4.373 

0.0 

6.110 

347.53* 

1.00 

♦ 3.30 

; 0^0_ 

• 8*488 

2.50? 

, 5 , 7^Q 

n. n 

_ 8.241_ 

?41 *4? 


_3_.34- 

0.0 

6.196 

1.095 

3.887 

0.0 

5.782 

333.18 

0*90 

3.39 

12.40 

2.88 7 

0.916 

1.868 

0.0 

2.735 

339.79 

0.95 

3.43 

■■■0*0 

6.071 

1.999 

3 , 7fl*> 

_Q„4 

5.784_ 

_ 33 I. 0A_ 


_A*_47_ 

90.30 

156*723 

30.603 

124.575 

1.902 

157. X61 





‘v* v* ^ U> 





KSU MODEL 6 FOR WHEAT OF 1576-76 


! | MAX HIM TAU 

I -MO. ._DA¥_.TE MP _ TEMP__ 

1 (C) 1C 1 


PNS SOLAR 
^.RAO* RAO.... 

( l V S I (LYS) 


NET LEAF 

. _R AD ARE A £0 V Eft A I N_ 

(LYS) (MM) 


7_.L_2 7 • 8 _15 .0 ,_0 .83.365'. 68_6.59.. 0.. 

7 2 28.3 18.3 0.85 244.49 480.0 

7 3 27.2 18.3 0.85 244.49 L70.0 

_7.__4 28.3 _ i6.7__0.85 /343 . 88_6G6 . 0_ ( 

7 5 30.6 15.6 0.85 376.22 647.0 

7 6 32.2 16.7 0.85 388.64 663.0 

7 7 34.4 _ 1 7..J 0 , 8 5_2 9 8 . 9 2 5 4 9 ,JL 

7 8 36.7 18.9 0.05 .377.01 648.0 

7 5 36.7 21.1 0.85 413.29 654.0 

7 10 35.0 21.1 0.85 415.66 657.0 


452.7 0.0 0.40 2 .80 

287.0 0.0 0.40 3.00 

-0.0 0.0 0.40 'X 2.40 

..403 • 6 0 . 0 0.4 0__2 ..50 

441.6 0.0 0.40 0.0 

456.4 0.0 0.40 0.01 

350.8 O. Q 0 .4 0 0 .0 

442.5 0.0 0.40 0.0 

485.1 0.0 0.40 0.0 

487.5 0.0 0.40 0.0 



POT. 

FVAP 

SOTL - 
FVAP 

TRAN «■ 
FVAP 

A * 
FVAP' 

TCTAL 

FVAP 

TMFTA 

KS 

RMTS 

_£D 0. 


(MM) 

( MM) 

(MM) 

(MM) 

(MM) 

(MM) 





7.R45 

0.747 

.0.0 

0.0 

0.747 

265.42 


_6_.3J 

_0.0_ 


5. 076 

0.687 

0.0 

0.0 

0.687 

267.67 

0.47 

6.45.- 

0.0 


0.0 

0.0 ' 7 • 

; 0.0 V 

0.0 

0.0 ' 

279.3 8 

0.47 

6.58 

0.0 

, 

7.091 

4.475 

Q ^ -Q " 1 , f ^ 

.0.0 

4.475 281.38 0.56 6.71 

_0.0 


7.935 

5.008 

0.0 

0.0 

5.008 

277.41 

0.53 

6.83 . 

0.0 


8.403 

3.182 

0.0 

0.0 

3.182 

272.41 

*0.50 

7.09 

0.0 


6.661 

1.450 

0.0 

0.0 

1.450 

269.2 3 

0.48 

7jlZ.3 

JO. O' 


8.662 

1.112 

0.0 

0.0 

.1.112 

267.78 

0.47 

7. 38 

0.0 


9.580 

0.938 

0.0 - 

0.0 

0.938 

266.66 

0. 46 

7.55 

. 0.0 


9.446 

0 .826 

0.0 . 

o 

. 

o 

0.826 

265.73 

0.45 

-7« 71— 




70.699 18.425 


0.0 


0.0 


18.4 25 





RNGFF 

DRAIN 

THETA 

TRANS 

TOT . 

KS 

DEPL . 

DEPL . 




EVAP 

EVAP 





■ 

0-150 




0-90 

0-150 

( KM ) 

( MM ) 

CM 

( MM ) 

( MM ) 


CM 

CM 

0.0 

0.0 

298.55 

0.0 

1.45 

0.0 

36.4 

56.9 

0.0 

0.0 

297.44 

0.0 

1.11 

0.0 

37.2 

57.3 

0.0 

0.0 

29 6.50 

0.0 

0.94 

0 iO 

37.0 

57.7 * 

0.0 

0.0 

295.67 

0.0 

0.83 

0.0 

3 8.4 

58.1 

0.0 

0.0 

296.93 

0.0 

0.75 

0.0 

37.6 

57.5 

0.0 

0.0 

296.24 

0.0 

0.69 

0.0 

38.0 

57.8 

0.0 

0.0 

295.60 

0.0 

0.64 

0.0 

3 8.5 

58.1 


0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

295.00 

294.43 

294.43 

0.0 
0.0 
0 . 0 

0.60 

0.57 

c.o 

0.0 

0.0 

0.0 

. 38.9 
3 9.3 
39.3 

58 . 3 

58.6 

56.6 

' o.o 

0.0 

314.03 

0.0 

0.0 

0.0 

25.7 

"" 50 . 4 " 

0.0 

0.0 

310.57 

0.0 

3.46 

0.0 

28.1 

51.8 

0.0 

0.0 

307.90 

0.0 

2.66 

0.0 

29.9 

53.0 


0.0 
0.0 , 
0.0 

0.0 

0.0 

0.0 

309.70 

311.00 

310.62 

0.0 

0.0 

0.0 

0.0 

0.0 

0.69 

0.0 

0.0 

0.0 

28.7 

27.8 
28.0 

52.2 
51.7 
51 . 8 

" 0.0 

0.0 

317.83 

0.0 

1.39 

0.0 

23.6 

48 .8 

0.0 

0.0 

318.33 

0.0 

0.0 

O.O 

22.7 

48 . 6 

0.0 

0.0 

316.94 

0.0 * 

1.39 

0.0 

23.7 

49.2 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

316.53 

313.69 

311.86 

0.0 

0.0 

0.0 

2 . 9J 

2.84 

1.83 

0.0 

0.0 

0.0 

23.9 

25.9 
27.2 

49 . 4 , 

50.5 

51.3 


0.0 

0.0 

310.41 

0.0 

1.45 

0.0 

28.2 

51.9 


0.0 

0.0 

309.30 

0.0 

1.11 

0.0 

29.0 

52.4 . 

- 

0.0 

0.0 

308.36 

0.0 

0.94 

0.0 

29.6 

52.8 : 


0.0 

0,0 

307.54 

0.0 

0.83 

0.0 

3 0.2 

53.1 


0. 0 

0.0 

306.79 

0.0 

- 0.75 

0.0 

30.7 

53.4 


0.0 . 

0.0 

306.79 

o.o : 

0.0 

0.0 

30.7 

53.4 


0.0 

0.0 

307.60 

0.0 

0.69 

0.0 

3 0.1 

53.1 

- 

0.0 

0.0 

307.60 

0.0 

0.0 

0.0 

30.1 

53.1 




0.0 

0.0 


KSU MODEL 6 FCR WHEAT CF 1976-76 


THETA VALUES 


TRANSPIRAT ICN 


-MO . D Y_XA,YER~ LAYER-LAYERJ. AYER-LAYER LAYER_LAYEft_L 

1 2 3 4 5 1 2 


’! 



1 


3 

4 

5 






_.Q-5 

L 5-30 

.30-60- 

60-90 90-1 80 

...0-5 

—5 




CM 

CM 

CM 

CM 

CM 

CM 


1: . 

-10 

- 1-0.AC9 

0.247- 

C . 20 0 _Q . 220 

-0 • 150 

.0.0 

_0, 1 

' [ 

10 

2 

C. 100 

0.24 7 

0. 280 

U.220 

0.150 

0.0 

0* 


10 

3 

0.100 

0.244 

C. 260 

0.?? 0 

0.150 

0.0 

0. 

. i 

10 

4 

0.100 

0.242 

0.260 

0.220 

0.150 

0.0 

-0. 

t* 

1 

10 

5 

C. 100 

0.240 

0.280 

0.220 

0.150 

0.0 

0. 

>» • 
1 

10 

6 

0 . loo 

0.238 

C. 280 

0.220 

0. 150 

0.0 

0. 

!•-. 

:} 

.1 0 

7_ 

.0*100 

0.235 

-0.280 

-0.220_ 

-0.150 — 

0.0 

-0. 

,1- 

10 

8 

0.100 

0.234 

0.28G 

0.220 

0.150 

0.0 

0. 


10 

9 

O.ICO 

0.232 

0.280 

0.220 

0. 150 

0.0 

0. 

j 

10 

IP 

0. 10U 

0.230 

0.280 

0. 220 

0.150 _ 

0.0 

0. 

) 1. 

10 

it 

0.100 

0.229 

0.280 

0.220 

0.150 

0. J 

0. 

f 

10 

12 

C. 100 

0.22 7 

0.280 

0.220 

0.150 

0.0 

0. 

ri- 

10 

13. 

. 0 . too 

0.225 

0.280 

-0.220_ 

.0. 150_ 

jOvO — 

„0. 

; 1 

10 

14 

a. too 

0.22 4 

0.280 

0.220 

0. 150 

0.0 

0. 

r i 

10 

1 5 

0.100 

0.22? 

0.279 

0.22 0 

0. 150 

0.0 

c. 

..... 

10 

16 

0.1 JO 

0.220 

0.279 

0.220 

0.150; 

O.OL- 

.0. 

i ; 

10 

L 1 

C. 100 

0.219 

0.279 

0.220 

0.150 

0.0 

0. 

1 

10 

L 8 

o. too 

C . 217 

0.2 79 

0.220 

0. 150 

0.0 

0. 

1 _ 

.10 

L 9 

0.100 

0.216 

.0.279 

.0.220. 

.0. 150— 

-0.0— _ 

_Q. 

f 

10 

2 0 

0. 100 

0.214 

0.? T9 

0.220 

0.150: 

0.0 

0. 

* i 

10 

2;1 

0.1G0 

0.213 

0.279 

0.220 

0.150 

0.0 

0. 

».;« - 

10 

2 2 

0. 10,0 

0.211 

0.279 

0.220 ... 

.0.150 - 

0.0..—. 

.0. 


10 

23 

C. 100 

0.211 

0.279 

0.220 

0.150 

0.0 

0. 

1 

10 

24 

0.100 

0.210 

0. 279 

0.220 

0 .150 

0.0 

0. 

“i- 

10 

25 

0. 100 

0.20 8 

.0.279 

- 0.220- 

-0.150 — 

-0.0— 

_0. 

10 

26 

0.100 

C.207 

0.279 

0.220 

0.150 

0*0 

0. 

f r 

10 

2 7 

C. LOO 

0.206 

0.278 

0*220 

0.150 

0.0 

0. 


_1Q. 

-28. 

-G.ioo 

-0.205- 

_jO .Z7 a_0.. 22Q—D .15 0 0. 0 0 . 


10 

2 9 

0.100 

0.203 

0.278 

0.220 

0.150 

0.0 

0. 


10 

30 

0. too 

0.202 

0.278 

0 . 2.20 

0.150 

0.0 

0. 

"i ... 

.10 

3 1. 

0.100 

0.202 

0.278. 

-0 . 22 0-1). 15 Q. 0.D 

-0. 


Q -0. 0 0. C CUO„ 

0 0.0 0.0 0.0 

C 0*0 0.0 0.0 

0 14 0 . 009_. 0. Q o.a_ 

013 0.008 0.0 0.0 

G 12 0.008 0.0 0.0 

0 1 3._Q .00 9-0 *.Q 0 . 0_ 

022 0.015 0.0 0.0 

023 0.015 0.0 0.0 

021 0.Q14 0.0 0.0 

023 0.015 0.0 0.0 

031 0.021 0.0 0.0 

0 31 J). 0 2 1_ 0 • C Q .Q 
013 0.008 O.G 0.0 

02 S 0.019 0.0 0.0 


042 0.028 0.0 


05 A 0.036 0.0 


. 0 0.0 0.0 
• 06 7 C.032 0.0 


EVAP EVAP 


(MM) CM (MM) (MM). 


0.0 306.66 

0.0 306. 09 

_Q.Q 3Q5..-53- 

0.0 30 4.99 

0.0 304.48 

-Q-.D, 10.3.*JS.8- 

O.V 303.68 
0.0 303.00 

0.0 30 2 f 53 


.60 0 
.57 C 

.56 0. 

. 54 0 

.52 0 

, 5Q n 


.74 31.9 

.73 32.3 

. 73 32.7 

. 73/ 33.0 
- 72 33.3 


302.00 

301.62 

301.17 

0.04 
0.05 
0.-03— 

0.46 
0.4 6 
0.45 

‘0.72 
0*7 1 
0.71 

34.0 

34.3 

34.6 

55.4 
55.6 
55. 8 

300.76 

0.02 

0.41 

0.71 

34.9 

55.9 

300.34 

0.05 

0.42 

0.71 

35.2 

56.1 

-2.9 9 , 5).l 

_ 0.t.06__ 

0.43 

0.70 35.5 

56.3 

299. 50 

0.05 

0.41 

0.70 

35.8 

.56.5 

299.07 

0.07 

0.42 

0.70 

36.1 

56.6 I 


. 66 0 . ,0J_ Q .. 

.23 0.09 0. 

.85 0.04 0. 

.-46- ... Q.D.I C. 

.46 0.0 0. 

• 06 0*0 8 0.' 

..65- 0^.05 0. 

.25 0.09 0. 

.01 0.01 0. 


41 0 

43 , 0 
38 0 

40 0 

0 0 
40 0 


.69 36.6 

.69 36.9 


.0 37. ; 

.68 37.! 


0.68 38.C 

0.67 38.2 


295.23 

294.89 


0.39 0.67 38.1 

0.39 0.67 35. C 


-.0*0. .--0* 


TOTALS 


0.0 


0.0 


1.4 


13.0 


Sp.uV;. T : *** **** <; * .1 


KSU MODEL 6 FOR WHEAT OF 1976-76 


RNOFF 

DRAIN 

THETA 

TRANS 

TOT. 

KS 

DEPL. 

-DEPL. 



0-150 

EV AP 

EVAP 


0-90 

0-150 

(MM) 

(MM) 

CM 

( MM ) 

(MM) 


CM 

CM 

0.0 

0.0 

296.36 

0.04 

Q. 33_ 

0.67 

37. Q 

57. 3 

0.0 

0.0 

309.06 

0.0 

0.0' 

0.0 

29.1 

52.5 

0,0 

0.0 

325. 56 

0.0 

0.0 

0.0 

17.7 

45.6 

0.0 

0.0 

331.66 

0.0 

0. 0 

0.0 

3J3_.4 

43. t 

0 . 0 

0.0 

331.66 

0.0 

0.0 

0.0 

13.4 

43.1 

0.0 

0.0 

331.66 

0.0 

0.0 

0.0 

13.4 

43.1 

u.o 

0.0 

330.78 

0.24 

0.08 

0.91 

1 A . 0 

43.4 

0.0 

0.0 

329.81 

0.28 

0.56 

0.91 

14.7 

43.8 

0.0 

0.0 

329.81 

0.0 

0.0 

0.0 

14.7 

43. S 

0.0 

0.0 

329.10 

0.32 

1.02 

0.9 0 

15.2 

44.1 

0.0 

0.0 

328.26 

0.27 

0.84 

0.6 9 

15.8 

44.5 

0.0 

0.0 

327.67 

0.19 

0.59 

0.89 

16.2 

44.7 

0.0 

0.0 

326.92 

0.25 

0.75 

0.88 

16.7 

45.0 

0.0 

0.0 

325*99 

0.31 

0. 53 

0 . 8 8 

17.4 

45.4 

0.0 

0.0 

325.38 

0.20 

0.61 

0.87 

17.3 ' 

4 5.7 

0.0 

0.0 

324. 62 

0.26 

0.76 

0.87 

18.3 

46.0 

o;b 

0.0 

3 2 A .62 

0.6 

0T0 

0.0 

18'. 3 

46.0 

0.0 

0.0 

324.62 

0.0 

0.0 

0.0 

18.3 

46.0 

o.._o 

0.0 

3 2 A. 62 

Q.O 

0.0 

0. 0 

18.3 

46.0 

0.08 

0.0 

350.25 

0.6 

0. 0 

0.0 

'0.5 

35.3 

0.0 

0.0 

350.01 

0.08 

0.23 

1.00 

0.7 

35.4 

_0 . 0_ 

0.0 

_349. 22_ 

0.29 

G.79__ 

_L.op__ 

1. 2 

35. 7 

0.0 

0.0 

3A9.22 

0^0 

0.0 

0.0 

1.2 

35.7 

0.0 

0.0 

3A3.90 

0.12 

0.33 

1.00 

1.5 

35.9 

0.0 

o._p 

3 A 8 . 9 

0.0 

0. C 

J)ip 

1.5 

35 .9 

0.0 

0.0 

356.50 

0.0 

0.0 

0.0 

-3.8 

32. 7 

0.0 

0.0 

356. A6 

0.01 

O.OA 

1.00 

-3.8 

32.7 

Q.O 

0.0 

356. A6 

0.0 - 

0.0 

0.0 

-3.8 

32.7 

0.0 

0.0 

356 . 46 

0.0 

0.0 

0.0 

-3.8 

32.7 

0.0 

0.0 

362.08 

0.06 

0.18 

1.00 

-7.7 

30.4 


0*1 


0.0 


2.9 


9.2 



THETA VALUES 


TRANSPIRATION 


fl^MQJ)Y_LA.Y£iL.LAYEa_J.AYEfL-LAYEa^LAYER L A Y E fL_LA Y.E R_L A Y E fl_i^Y.£IL_LAYJEJ 

b I 1 ■ «% •** / C* « <« -» y r- 


1 



1 

2 

3 

4 

5 

1 

2 

3 

4 

■;V 5 

j .* 



0 t 5 . 

5-30 30-60 6 Q - Q 0 90-180 0-5 

5-30 30-60 60-90 90-1 

!«* 


■ h ' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 


12 _ 

_ 1 _ o . aca . 

, 0 . 290 _ 

. 0 . 312 . 

. 0 ... 286 .. 

0.150 0.0 

_ 0 . 0 _ 

_ 0 . 0 _. 

_ 0 .fi 

, 0.0 

• ' 

12 

2 

0.288 

0.312 

0.290 

0.308 

0.150 

0.005 

0.024 

0.019 

0.0 S 

0 . 0 , 


12 

. 3 

0.269 

0 . 3 L 2 

0.289 

0.308 

0.150 

0.043 

0.216 

0.173 

0.0 •**;' 

"• 0.0 ‘ 


12 

. A 

0.261 

C . 29 C 

0.307 

0.29 0 

. 0 . 156 . 

_ 0 • 019 _ 

0.093 

0 . 074 .. 0 . Q ^. 

_ 0 * 0 _ 

«- 

12 

5 

C .261 

0.290 

0.307 

0 . 29 } 

0 .154 

0.0 

0.0 

0.0 

0.0 

0.0 


12 

6 

0.260 

0.290 

0.290 

0.30 7 

0.156 

0.004 

0.021 

0.017 

0.0 

0.0 


12 . 

_ 7 , 

_ 0 . 260 . 0 . 2 TO 

0.290 

_ 0 . 3 ' 07 _ 

. 0.156 3.0 

-0 . Q _ 

.0 *.0 9 .„0 JX..Q 


12 

8 

0.257 

0.289 

0.290 

0.240 

0.162 

0.006 

0.028 

0.022 

0.0 * 

0.0 


12 

9 

0.257 

C .209 

0.290 

0.290 

0.162 

0.0 

0.0 

0.0 

0.0 

0.0 


12 

10 

0.25 7 

0.239 

0.290 

0.?90 

0. 162 

0.001 

. 0.003 

0.003 

0.0 

0.0 


12 

11 

0.257 

0.289 

0.290 

0.290 

0.162 

0.0 

0.0 

0.0 

0.0 

0.0 

♦**i 

12 

12 

0.257 

0.239 

0.290 

0.290 

0.162 

0.0 

0.0 

0.0 

0 . 0 

0.0 

1 :* 

12 

13 

0.263 

0.289 

0.29 0 

0.290 

0 . L 62 

0.0 

0.0 

0.0 

0.0 

0.0 


12 

14 

0.48 7 

C .239 

0 • 2 Q G 

0.290 

0.162 

0.0 

0.0 

0.0 

0.0 

0.0 


12 

15 

0.484 

0.239 

0.290 

0.290 

0.162 

0.005 

0.024 

0.019 

0.0 

0.0 

* ' 

12 

ie 

0.288 

0.328 

0.290 

0.290 

0.162 

0.004 

0.022 

0.018 

0.0 ■ 

_ 0 . 0 _^ 

h 

12 

i ? 

0.265 

C . 328 

0.290 

0.290 

0 . L 62 

0.005 

0.025 

0.020 

o.c 

0.0 

y ] 

12 

18 

0.261 

0.290 

0.321 

0.290 

0.162 

0.008 

0.039 

0.031 

0.0 

0.0 

Blni 

12 

l 9 ^ 0 . 278 . 

0 . 290 . 

. 0 . 321 , 

„ 0.29 0 _ 

., 0.16 2 0.0 04 _ 

- 0 * 02 1 _..Q » 0 1 7 . 

_ 0,._0 

I'j 

12 

20 

0.278 

0.290 

0.290 

0.321 

0.162 

0.000 

0.001 

0.001 

0.0 

* 0.0 

!V 

12 

2 1 

0.275 

0.290 

0.290 

0.321 

0.162 

0.005 

0.027 

0.022 

o.c 

0.0 

*■, 

12 

22 

C .275 

C . 290 

0.290 

. 0.290 

, 0 . 172 . 

_ 0.0 

. 0.0 _ 

0.0 

„ 0 . Q _ 

-_0 . 0 _ 

H 

12 

23 

0.275 

0.290 

0.290 

0.290 

0. 172 

0.0 

0.0 

0.0 

0.0 

0.0 

r ' 

12 

24 

0.275 

0.290 

0.29 0 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 

0.0 

, .« 

12 

25 

0.275 

0.290 

0 . 290 , 

, 0.290 _ 0 .172 0.0 0.0 0.0 



'V 

12 

26 

0.275 

C .290 

0.290 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 

; 0 .0 

f 

12 

27 

0.275 

0.290 

0.290 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 

0.0 

ri 

12_2 8-0 «. 2 _ L 5 __ C ,. 29 . 3 — Q «- 23.0 29 , Q _ i )_. J .7 2 „. Ol.O 0 _,£) fl.n 0.0 0.0 

•r 

12 

29 

0.275 

0.290 

0.290 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 

0.0 

iji 

12 

30 

C . 271 

G . 290 

0.290 

0.290 

0.172 

0.005 

0.024 

0.019 

0.0 

0.0 

*: 

12 . 

3 L _ 0 . 21 I _ 0 . 290 _ 

_0 . 290 . JL. 23 iD _ 0 . ai 2 a.jQ 0_.il 

_0_.j0 

-JX.-G — 

OjiL_ 


'TOTALS 





KSU MODEL 6 FOR WHEAT CF f3 76-76 


THETA VALUES 


TR ANSPIRAT ICN 


MO D Y LAYER LAYER LAYER LAYER LAYER l AYER_J. A Y ER_ LAY EE. 

I 2 3 A 5 12 3 


.§.-3 0 3 0 -6 0 6 0-9 0_9.0 - 1 8 Q_ 

CM CM CM CM 


5 - 3 . 0 _ 3 . Q -. 6 P _ 6 . P - S _ Q_$.C 
CM CM CM 



0.271 

. 0.290 

_ 0 . 29 A 

0. 290 

A *, 172 . 

_ 0.0 

0.0 

0.0 _ 

0 . 0 _ 

_ 0 . 

2 

0.271 

0.290 

0.290 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 .i 

0 

3 

C . 27 i 

C . 28 9 

0.290 

0.290 

0 * 172 

0 . 0 0 A 

0.019 

0.015 

0. 0 

0 

4 

0.271 

0.289 

0.290 

0.290 

0.172 

. 0 , 001 . 

. 0 . U 05 

0.004 

0 . 0 ,_ 

_ ; Q 

5 

C . 2,71 

0.289 

0.290 

0*290 

0.172 

0.0 

0.0 

0.0 

0 • Q 

0 

6 

0.271 

0.299 

0.290 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 

0 

7 

0 . 2 U 

0.299 

0.290 

0.29 0 

0.172 

0.003 

0.017 

C . 013 

0 . c 

0 

a 

C .290 

0.209 

0.290 

0.290 

0.172 

0.004 

0.020 

0.016 

0.0 

0 

9 

0 . 2 P 7 

0.299 

0 . 2^0 

0.290 

0*172 

0.003 

0.016 

C .013 

0.0 

0 

1 0 

0.287 

0.209 

0.290 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 

0 

n 

0.280 

C * 209 

U .290 

0.290 

0.172 

0.008 

0.038 

0.031 

0.0 

■ "g 

12 

0.280 

0.239 

0.290 

0.290 

0.172 

0.0 

0.0 

0.0 

0 * G 

0 

13 

0.200 

0.209 

0.290 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 

0 

I A 

0.277 

0.299 

0.209 

0*290 

0.172 

0.007 

0.037 

0.029 

0.0 

6 

15 

0.277 

0.289 

o . 2 es 

0.29 0 

0 . 17 ? 

0.0 

0.0 

0.0 

0.0 

0 

L 6 

0.277 

C .289 

0.289 

0.290 

0.172 

0.000 

0.002 

0.001 

0.0 

0 

l 7 ' 

0.277 

0.299 

0.209 

0.200 

^ 0 . 172 “ 

'” 0.0 

' 6.0 

" 6.0 " 

“ 0.0 

0 

16 

0.272 

0.289 

0.209 

0.290 

0.172 

0.004 

0.020 

0.016 

0.0 

0 

19 

0.272 

0.289 

0.209 

. 0 . 290 . 

0 . 1 72 _ 

_ o.o 

- 0.0 _ 

0.0 

- 0 . ;0 

0 

20 

0.262 

0.289 

0.20 9 

0.290 

0.172 

0.007 

0.036 

0.029 

0.0 

c 

21 

0.25 2 

U .239 

0.289 

0 + 2*0 

0.172 

0.007 

0.034 

0.027 

0.0 

0 

22 

0.241 

0.239 

0.209 

0.290 

0 . 172 ^ 

_ 0 . 0 C 8 

0.040 

0 * 032 . 

_ o . c _ 

_o 

2 3 

0 . 228 

0.208 

0.289 

0.290 

0 . 172 " 

0.009 

0.043 

0 . U 35 

0.0 

0 

?'\ 

0.225 

0.200 

0.289 

0.290 

0.172 

0.002 

0.011 

C .009 

0.0 

0 

,25 

0.225 

0.280 

0.209 

. 0 * 290 , 

0.172 

_0 . 0 

0.0 

0 . 0 . 

0 . 0 * 

_ o , 

26 

0.260 

0.280 

0.289 

0.290 

0 . 172 

0.006 

0.031 

0.025 , 0.0 

0 

27 

0 • 246 

0.238 

0.209 

0.290 

0.172 

0 . 0 G 9 

0.044 

0.03 5 

0 . G 

0 

,2 8 

0.237 

0.288 

0 . 289 .. 

0.290 

0.172 

_ J 3 . 005 _ 

_ p . 026 „ 

0 * 0 ? 1 

0.0 

_0 

29 

0.2 72 

0.280 

0 . 209 

0.290 

0.172 

0.008 

0.042 

0.034 

0.0 

0 

30 

0.222 

0.208 

0.289 

0.290 

0.172 

0.0 

0.0 

0.0 

0.0 

Q 

31 

, 0 . 2 , 1 0 .. Q . ? 8 . 8 . 

0.280 

JBi 2 SSL 

0.172 

0.006 

0.038 

0.031 

0.0 

0 


TOTALS 


m 


oi» 




4 



RNir.FF DRAIN THETA TRA NS IQJ-. 1 LS HEEL. PEEL 




h l i n 

EVAP ’ 

EVAP 






n-i 5 n 




Q -90 

... 0 - 150 . - ... 

l MM) 

(my 

CM 

( MM ) 

( MM}- 


CM 

CM 

n.o 

0.0 

359 . 1 1 

n.m 

o.nfl 

1.00 

3.6 

3 - 1.6 

0.0 

0.0 

359.11 

0.0 

0.0 

0.0 

3.6 

31.6 - 

0.0 

. o.o 

3 5 8- ..54 

0.05 

0.56 

1.00 

4.0 

31.9 * • ' * 

0.0 

0.0 

358.54 0.0 

Q.jQ 

n.n 

4.0 

31.9 __ . _ 

0.0 

0.0 

358.54 

0.0 

0.0 

0.0 

4.0 

31.9 

0.0 

0.0 

358.05 

0.05 

0.49 

1.00 

4.3 

32.1 * * . 

0 . 0 

0.0 

357 . 31 . 

0.10 

0.74 

1.00 

4.8 

3 2.4 ___ _ 

0.0 

0.0 

355.76 

0.10 

1.55 

1.00 

5.9 

33.0 

0.0 

0.0 

355. 14 

0.04 

0.61 

1.00 

6.3 

33.3 

0.0 . 

0.0 

355 . 0 Q 

0.01 

0.15 1.00 

- 6.4 _ 

33.3 * * 

0.0 

0.0 

354.05 

0 .L 2 

0.95 

1.-00 

7.1 

33.7 

0.0 

0.0 

353.19 

0.11 

0.85 

1.00 

7.7 

34.1 

0.0 

0.0 

352.40 

0.11 

0 . 80 

1.00 

8.3 

34.4 

0.0 

0.0 

352.40 

0.0 

0 . 0 ^ 

0.0 

8.3 

34.4 

; 0.0 

- 0.0 

352.91 

0.14 

0.78 

* 1.00 

7.9 

34.2 

* , . 0.0 

O.Q 

352.83 

0.00 

0.08 

- JL - Q 0 

' 7.9 

34,2 . _ 

0.0 

0.0 

352.10 

0.16 

0.73 

1.00 

8.5 

34.5 

0.0 

0.0 

351.46 

0.1 1 

0.65 

1.00 

8.9 

34.8 , 

a . n 

0.0 

350.74 


0 . 7 ? 

l .on 

8.4 

35.1 , . 

0.0 

0.0 

350.09 

0 . 16 ' 

a. 65 

1.00 

9.9 

35.4 

0.0 

0.0 

353.37 

0.00 

• 0.01 

1.00 

7.6 

34.0 

n.n 

a.o_ 

. 353.14 

n . 77 * 

_ 0.73 

1.00 

7.7 

34 . 1 

0.0 

0*0 

352.33 

0.37 

0.81 

1.00 

8.3 

34.4 

0.0 

0.0 

351.55 

0.35 

0.78 

1.00 

8.8 

34.8 

0.0 

, a 

35 Q.. 82 _ 

0.31 

0.73 

1.00 

^.3 

35.1 .. : _ . 

0.0 

0.0 . 

350.24 

. 0.17 

0.58 

1.00 

9.7 

35.3 

0.0 

' 0 . 0 : 

349.43 

0*41 

0.81 

1.00 

10.3 

35.7 

Hil n.o ’ 


> i*i 34 A . 59 ;. 

r _ L 0.45 

. 0.84 

1.00 

10.9 

36.0 .. 

o 

• 

o 

o 

• 

o 

348.59* 

0.0 

0.0 

0.0 

10.9 

36.0 



O.Q 


3^.8- 
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KSU MODEL 6 FOR WHEAT CF 1976-76 





THETA VALUES 



TRANSPIRATION 


10 . 

oy^ 

LAYER 

.LAYER 

LAYER 

layer*- 

LAYER 

LAYER 

LAYER_ 

LAYER 

LAYER 

.LAY! 



1 

2 

3 

4 


l 

2 

3 

4 

5 



_0-5 .... 5 - 30 .. 

30-6 0 

60-90 

910-1 80 

0-5 

5-30 

30 - 6 Q _ 

60-90 

90 - ; 



cm 

CM 

CM 

CM 

CM 

CM 

cm 

CM 

CM 

a 

3 

_ i 

0.114 

0.270 

0.283 

0 . ?90 

0 - 1 7 2 „ 

0.0 

0.0 

0.0 

0.0 

JL'SL 

3 

• ST 

O.IH 

0.270 

0.283 

0.29 0 

0 • 172 

oVo 

o . o . 

0.0 

0.0 

0.0 

3 

3 

0 . 1 C 7 

0.270 

0.263 

0.290 

0.172 

0.0 

0.083 

0.055 

0.0 

0.0 

3 

4 

0*453 

0.270 

0,283 

0.290 

0.172 . 

0.0 

. 0.0 

. 0 . 0 . 

0 . 0 . 

. 0.0 

3 

5 

0.403 

0.204 

0.283 

0.290 

0.172 

0.034 

0.169 

0.136 

O.Q 

0 .0 

3 

6 

0. 4 52 

0.203 

0.282 

0.290 

0.172 

0.065 

0.3 27 

0.262 

o.o 

0.0 

3 

7 

0.266 

0.314 

0.281 

0.290 

0 . 172 

0.05 2 

0.2 60 


o.c 

0.0 

3 

8 

0.312 

0 . 3 14 * 

0 . 20 f 

0 . 290 

0.172 

0.0 

“ o.o 

0 .0 

0.0 

0.0 

3 

S 

0.295 

0.288 

0.300 

0.290 

0.172 

0.096 

0.470 

0.382 

O.Q 

0.0 

3 

10 

0.25 7 

C * 286 

0.299 

0.290 

0.172 

0.100 

0.499 

0.399 

0.0 

0.0 

3 

1 1 

0.257 

0 • 286 

0.290 

0.299 

0 . 172 ^ 

0*0 ■ 

0 .0 

0.0 

* 0.0 

0 . 0 * 

3 

12 

0.247 

0 . 285 

0.290 

0.299 

0.172 

0.030 

0.152 

0.122 

0.0 

0.0 

3 

13 

0.211 

0,233 

0.238 

0.290 

0.175 

0.115 

0.573 

0.450 

0.0 

0.0 

3 

14 

0.188 

0 . 202 * 

' 0.287 

0 . 290 * 

0.175 

0 to 77 

6 . 38 V 

0.30 f * 

’ o.o 

GvO 

3 

15 

0 . 188 

0.202 

0.207 

0.290 

0.175 

0.0 

0.0 

0.0 

0.0 

0.0 

3 

16 

0 * 18 V 

0.2 79 

0.205 

0.290 

0.175 

0.14 4 

0 . 721 

0.577 

0.0 

0.0 

3 

17 

0.157 

0.27 6 

0 . 203 * 

* 0.290 

0 . 175 ~ 

0.160 

0.8 00 

0 . 640 ' 

** 0.0 

0 * 0 * 

3 

18 

0.131 

0.272 

0 . 201 

0.29 0 

0 . 175 

0 . 17 5 

Q . 875 

C . 700 

0.0 

0.0 

3 

IS 

0 . 112 

0.26 8 

C . 279 

0.29 0 

0.175 

0.0 

0.941 

0.628 

0 .0 

_o *4 

3 

20 

0.100 

0. 264 

0.2 76 

0.290 

0.175 

0.0 

0.987 

0.65 0 **' 

0 . 0 

0 .0 

3 

21 

0 . i GO 

0.256 

0. 274 

0.290 

0. 175 

0.0 

1.0 53 

0.702 

0.0 

0.0 

3 

22 

0 . 100 

0.249 

0.272 

0.290 

0*175 0.0 

1.134 

0.756 

0 * 0 ; 

0.0 

3 

23 

0 . 100 

0.241 

0.268 

0.290 

0.175 

0.0 

1.370 

0.913 

~ 0. 0 

o . o ' 

3 

24 

o . too 

0. 233 

0.265 

0. 290 

0.175 

0.0 

1.359 

0.906 

0.0 

0.0 

3 

25 , 

0 . 100 

0.220 

0.264 

0.290 

0.175 

0.0 

_0 • 648 

.43 2 

0.0 

0.0 

3 

26 

' C . 100 

0.22 8 

‘ 0.264 

0.290 

0.175 

0.0 

0.0 * 

0.0 

0.0 

o.o 

3 

27 

o . i ts 

0.222 

0.261 

0.290 

0.175 

0.0 

1.510 

1.007 

0.0 

G .0 

3 

2 8 

0 . 1 15 

0.222 

. 0.261 

J 5. 290 

0.175 

0.0 _ 

0.0 

0.0 

o.c 

Jp.p. 

3 

2 9 

C. 1 15 

0 . 222 

0.261 

0.290 

* 0.175 

0.0 

0.0 

0.0 

0.0 

0.0 


0.266 0.220 
0.265 0.218 


0.259 0.288 0.175 
0.257 0.286 0.176 


0.127 0.635 0.635 0.635 
0.096 0.670 0.670 0.670 


g] 




THETA VALUES 


7RANSPIRATIGN 


- JiO '- DELAYER ,, 
l 


~5-3 03 0-6 0_6 0r9.0_90.-l 8Q 0-5_ 

CM CM CM CM CM 


5-3 030- 6 03 0-9O3.Qr.LB 
C M CM CM CM 


3.208 
0.1 7 1 
0.138 
.0.134 
0.107 
0 . LOO 
3 . ICO 
0.3 €4 
0.280 
(/ ,266 
0.265 
0.242 
0.225 
0 . 2C7 
0.202 
3 . 47 ? 

0 . 500 
0.481 
3371 . 

0.401 
0.477 
0.457 
0.271 
0.393 
, 0 . 379 . 
0.286 
0. 286 
3 *.500. 
C . 485 
0.493 


0. 

211 

0. 

251 

0. 

281 

0. 

173 

0 

0. 

208 

b. 

24° 

0. 

270 

0. 

.172 

0 

.0. 

23/. 

0. 

24 QV 

0 . 

278.. 

;0« 

. 17 2_ 


0. 

204 

0. 

>246 

0. 

27 5 

0. 

.171 

0 

0. 

19 7 

0. 

.243 

0. 

273 

0, 

, 170 

0 

.0. 

I'LL 

. 0. 

243. 

.0. 

,273. 

.0. 

..uo_ 

JS. 

0. 

196 

0. 

.243 

0. 

272 

0. 

,170 

0 

u. 

193 

0. 

.240 

0. 

270 

0. 

, 170 

0 

0. 

190 

0. 

. 23 8 

0. 

267, 

0, 

,169l 

...o 

0. 

190 

0. 

230 

0. 

267 

0, 

.169 

0 

0. 

1R7 

0. 

.235 

0 . 

264 

0, 

,160 

0 

0. 

134 

0. 

.233 

0. 

26 2 

0, 

,168 

0 

0. 

181 

0. 

.230 

0, 

260 

0, 

,167 

0 

c. 

100 

0. 

.229 

0. 

258 

0, 

,16 7 

0 

c. 

299 

0. 

.226 

0. 

255 

.0. 

. 166_ 

0 

0. 

336 

0. 

.226 

0. 

255 

0. 

,166 

0 

0. 

332 

0 . 

.223 

0. 

252 

0. 

,165 

0 

;0* 

324. 

.0, 

,254. 

.0# 

248. 

-0, 

,164„ 

_0 

0. 

360 

0. 

,25 2 

0, 

247 

0, 

,164 

0 

VC. 

472 

0. 

,248 

0. 

242 

0, 

,162 

0 

c. 

467. 

„0, 

.244. 

Jft. 

238 , 

.0, 

,16l_ 


0. 

319 

0 - 

,389 

0. 

235 

0, 

, 160 

0 

0. 

319 


,389 

0. 

234 

0, 

,160 

0 

.0. 

28jLJ3< 

.3U_0. 

330. 

J)< 

1.16 0_ 

„Q 

0. 

304 

0, 

.3 1C 

0. 

330 

0, 

,159 

0 

0 . 

304 

0. 

► 290 

0. 

310 

0, 

,173 

0 

3, 

329 0. 

.301 0. 

310. 

Jtti 

.173 0 

0. 

326 

0, 

,29 8 

0. 

287 

0, 

,178 

0 

0 . 

328 

0, 

,288 

0. 

293 

0, 

,178 

0 


).JB4D3. 
3.880 C. 
3.787 0. 
3.1033. 
3.952 0. 
3.840 0. 

3. Q__ 0. 

3.105 0. 
3.819 0. 
3.727 0. 
3.028 0 . 
3.366 0. 
3.626_0. 
3.657 0. 
3.417 0. 
3.9 213. 
3.0 0. 

1.0 15 1. 
L.0 68 3 ♦ 
:.5C8 c. 
L. 33 2 l. 
1.118.1. 
1.177 l. 
3.019 0. 
3 3 4 1_0 . 
3.217 0. 
3.0 0. 

33 0,. 

3.944 0. 

0.470 0. 


34Q _ 0 ._ 
8 80 0 . 
78 7 0 . 

1033. 
794 0 . 
700 0 . 

0 0 ._ 

105 0 . 
819 C . 
737 0 . 
028 0 . 
866 0 . 
6263 , 
697 0 . 
417 0 . 
9213 . 
0 0. 
015 1 . 
06 8 3 . 
508 0 . 
33 2 1 . 
118 . 3 . 
17 7 1 . 
019 0 . 
.84131 
217 0 . 
0 0 . 

0 fl,. 

,944 0 . 
470 0. 


.84 03 * 
880 0 , 
787 0 
1033 
794 0 , 
700 0 

.o a 

105 0 
819 0 
7373 
028 0 
866 0 
6 263 
657 0 
417 0 
52110 
0 0 
015 0 
0663 
5C8 0 
3 32 1 
1133 
177 0 
019 0 

. 8.41 0 

217 0 
0 VO 


.704 0.0 

.625 0.0 

•- 0JB3 

.635 0.0 

.560 0.0 


• 084 VV : 
.655 

.5 89 

• 022 
.692 
.500 
. 55*3 
.334 
.7373 
.0 

.812 

.8 55 

,406 

.066 

.895 _ 

.942 

.015 

• A23 

.173 

.0 


944 0.755 
470 0.376 



DRAIN THFTA 

. TRANS 

TOT.-. . KS 

OEPL. 

DEPL. 


i 

_ V .0-150 

EVAP 

EVAP 

_ 0-50 

—0-1 50_ _ 

• 


(MM) CM 

( MM ) 

(MM) 

CM 

CM 

v - 



0.0 

329.37 

3.36 

5.01 

0.93 

24 .8 

44.0 

0.0 

324.38 

3.52 

5.23 

0.90 

27,9 

48.1 

0.0 

319.98 

3.15 

4.61 

0.86 

30.7 

. 47.9 

0 . 0 . . 319.40 

- 0.41 0.60 

_ a . ua : 2L 

31.0 

43.2 1 — - 

0.0 

315.07 

3 .1 7 

4.55 

0.83 

33.7 

50.3 

0.0 

311.26 

2.00 

3.99 

0.80 

36.1 

51.6 

0.0 

3 ±, L . 26 

0.0 

0.0 

0.0 

36.1 

51.6 

IT 0.0 

321.11 

0.42 

0.58 

0.78 

29.2 

• 47.5 

: 0 .€ 

317.00 

3.28 

4.32 

0.84 

31.8 

49.2 

0.0 

313.67 

2.9 5 

3.83 

0.81 33.8 

5 0.6 

0.0 

313.53 

0.11 

0 . 14 

0.79 

33 . 9 , 

50.6 

0.0 

309.32 

3.46 

4.44 

0.79 

36.5 

52.4 

0.0 

306.28 

2.50 

3.20 

0.76 

3 . 0.4 

53.6 

0.0 

302.91 

2.79 

3.56 

0.74 

40.5 

55.0 * 

V 0.0 

305.70 

1.67 

2.13 

• 0.72 

38.4 

53.9 * 

- 0.0 

342.43 

3.69 

4.64 

0.74 

12.5 

38.6 ....... 

0.0 

352.83 

0.0 

0.0 

0.0 

5.3 

34.2 

0.0 

348.30 

4.06 

4.79 

1.00 

8.1 

36.1 . - 

Q.O 

343 .. 3C 

4 . 2J _ 


l.QQ 11. 0 . 

38.1 

0.0 

362.41 

2.03 

2.39 

0.99 

- 2.3 

30 . 2 

0.0 

386. 18 

5 .33 * 

6.23 

1.00 

- 19.3 

20.3 

Q ^ 

381.26 

4.47 5.22 1.00 


.. 22.4 

0.0 

376.39 

4.71 

5.40 

1.00 

- 13.3 

24.4 

0.0 

382.41 

0.07 

0 . 09 

1.00 

- 17.5 

21.9 

0.0 

378.75 

3.36 

3. 89 

, 1.00 

— 15.3 

23.4 

• 0.0 

377.81 

0.87 

1.00 

1.00 

- 14^7 

23.8 

■ 0.0 

v ^ 373.85 , 

0.0 

0.0 

0.0 

- 6.5 

25.5 

* -- Q . Q - 

^ 1394 . 15 

0.0 

— Q . 0 - 

0.0 

- 20^6 

17.0 ‘ v _~ . . . 

0.0 

388.33 

3.77 

4.33 

1.00 

- 14.1 

19.4 . * 

0.0 

388. 10 

1.88 

2 . 16 

i.00 

- 14.1 

19.5 






KSU MGCEL 6 FOR WHEAT OF 1976-76 


THETA VALUES 

H 0 DY L AY E R„LAY E RJC AYER L AYER LAY ER 
1 " . 2 : " 3 ' : : 4 5 


TR ANSP I ft AT I CN 


IRA IN THETA 


TRANS 

EVAP 


LEU— MEU 


5-30 30 - 60 .. 6 ; 0 - 9 Q _ 9 4 0 -l 80 _ 0-5 
CM CM CM CM CM 


^ 5-30 . 30 - 6 0_6 D 9 0- 1 80 _ 

CM CM CM CM 


J , 0.477 0.326 0.284 0 . 269 . 0.177 

2 0.454 C s 320 0.279 0.234 0.175 

3 0.266 0.317 0.299 0.278 0.174 

4 0.242 0 . 3 L 0 0.293 0 . 273 . 0 . L 73 . 

5 C .236 0.233 0.306 0.270 0.172 

6 0.479 0.366 0.301 0.271 0.171 

7 0.454 0 . 380 . 0.285 0. 27 7 J ). 170 

8 0.263 0.316 ( 1.355 0.272 0.168 

9 0 . 25 ? 0.314 0.333 O .270 0.160 


0.292 1 . 460 j .460 1 . 460 _ 1 . 168 ^ 
0.301 1.505 1 * 505 ^ 1.505 1.704 
0*307 1.536 1.536 1.536 1.229 
0.317 1.5 87 1 * 5 87 _ 1 • 5 6 /__1 .2 70 __ 
0.076 0.379 0.379 0.379 0.303 
0.263 1.315 1.315 1.315 1.052 
0 . 298 _ 1 .692 1.492 1.492 1. 194 
0.317 1*564 1.584 1.584 1.267 
0 . 12.8 0.633 0.63 3 0.638 0.510 


0. 0 3 83 . 10 
0.0 376.61 
0.0 369.99 
0. 0 3 63.15 
0.0 361.52 
0.0 394.32 
0 .0 388.3 1 
0.0 381.35 
0.0 378.53 


6.6 9 1.0 0 

6.89 1.00 

7.03 1.00 

JUZP 

1.74 1.00 


5 

10 

0.234 

0.265 

0.306 

0.328 

0.167 

0.261 

1.306 

1.306 

L .306 

1.045 

0.0 

0,0 

373.02 

5.23 

6.16 

1.00 

- 8.3 

25.8 

* v . 

, 5 

L 1 

0.200 

0.27 ! 

0 . 2^9 

0.322 

0 . 1*5 

0.382 

1 . 9 12 

1*912 

1.912 

1.530 

0.0 

0.0 

364.58 

7.65 

8.95 

1.00 

- 3.2 

29.3 


H 5 

12 

0.337 

O.Zlb 

0.288 

0.29 7 

0.175 

0.108 

0.540 

0.540 

0 . 540 

0.432 

0.0 

0.0 

366.36 

2.16 

2.58 

1.00 . 

- 0.2 

28.6 


\\ „ 5 

13 

0.325 

0*272 

0 . 2 R 6 

0.295 

0.175 

0.124 

0.622 

0 .622 

0.622 

0*458 

0.0 

0.0 

363.53 

2.49 

3.00 

1.00 

1.5 

29.8 


5 

14 

0 . 3 53 

0.275 

0.28 2 

0.286 

0.175 

0.228 

1.141 

1 * 141 

1.141 

0.913 

0.0 

0.0 

362.36 

4.57 

5.54 

1.00 

2.7 

30.3 


5 

L 5 

0 . 35 A 

0.275 

0.262 

0 . 286 

0.175 

0.0 

0.0 

Q.O 

0.0 

0.0 

0.0 

0.0 

362.36 

0.0 

0.0 * 

0.0 

2.7 

30.3 



16 

0.265 

0 . 2 B 8 

0 . 282 

0.285 

0.175 

0.0 **2 

0.211 

0.211 

0.211 

0.169 

0.0 

0.0 

3 61*37 

0.64 

1 . C 4 

1.00 

3.3 

30.7 


\i 5 

17 

0.247 

0. 281 

0.276 

0*280 

0.174 

0.325 

1*624 

1.624 

1*624 

1.299 

0.0 

0.0 

353.72 

6.50 

0 . G 8 

1.00 

e.o 

33.9 


A 5 

18 

0.207 

0.275 

0*271 

0.275 

0.172 

0.326 

1.628 

1.628 

1.628 

1.3 03 

0.0 

0.0 

345.97 

6*51 

8 * IR 

1.00 

12*8 

3 7.1 


5 

19 

0.163 

0.267 

C .265 

0.268 

0.171 

0.377 

l .R 63 

1.883 

1.683 

1.50 7 

0.0 

0.0 

337.11 

7.53 

5.37 

1.00 

18.2 

40.8 


M 5 

2 0 

0.129 

0.260 

0.259 

0.263 

0. 169 

0.0 

1.881 

1 .568 

1.568 

1.254 

0.0 

0.0 

329. 56 

6.27 

7.96 

0.95 

2 2.9 

43.9 

* 

j ’ 5 

21 

0.104 

0*255 

0.256 

a . 260 

6 . 163 

0.0 

1.157 

0.964 

0*464 

0.771 

0.0 

0.0 

324.69 

3 * 86 

5 . 12 

0.90 

2 5.9 

46.0 


rv ,... 5 

2 2 

0.210 

0.254 

0*255 

0.259 

0 . 168 _ 

0.053 

0.264 

0*264 

0 . 264 _ 

0 . 21 1 _ 

_ 0.0 

0.0 

—32 9 . 08 — 

1.05 

1.28 

J }. 86 _ 

22.8 

4 4 . x 


>« 5 

2 3 

0.230 

0*253 

0*25 5 

9.258 

0.168 

0.036 

0 . 170 

0 * 178 

0.178 

0 . 1 42 

0.0 

0.0 

329.46 

0.71 

0.97 

0.8 9 

22.4 

44.0 


h s 

24 

0.259 

0*252 

0.254 

0*258 

0.168 

0*041 

0.207 

0.207 

0.207 

0*166 

0.0 

0.0 

330.17 

0.83 

1 . 1,5 

0.90 

21.9 

43.7 


M 5 - 

2 5 

0 . 257 

0*249 

0 . 25 U 

0 . 255 ^ 

0.167 

0.177 

0 * 085 

„ C . 885 _ 

0.385 

0.708 

0.0 

0.0 

326.96 

3.54 

4.95 

0.90 

23.8 

_ 45 . J > 


A 5 

26 

0.333 

0*249 

0.251 

0.255 

0.167 

0.0 

~ 0 * 0 

0.0 

0.0 

Q.O 

0.0 

0.0 

330.76 

0 .0 

0.0 

0.0 

* 21.1 

43.4 


5 

27 

0 * 40 l 

0.245 

0.240 

0.252 

0.166 

0.190 

0.9 90 

0.990 

0.990 

0.792 

0 .0 

0.0 

330.62 

3 . 96 

5.70 

0.91 

20*8 

43.5 


V , 5 

28 

0.345 

0*239 

0 . 243 , 

0 . 247 _ 

0 *165 

0.271 

__ l . 35 A 

J .35 3 

1.35 3 _ 

L .082 

0.0 : 

0 . J 

323.07 

5 r 41 _ 

7.51 

0.90 

25.6 

46.6 

- 

M 5 

29 

0.246 

0.247 

0*240 

0.24 4 

0 *164 

0.184 

0.918 

0.918 

0.518 

0.734 

0.0 

0.0 

317.75 

3.67 

5 . 5 ? 

0.85 

26.9 

48.9 * 


»"! 5 

30 

0.476 

0.245 

0*239 

0.243 

0.164 

0*081 

0 . 4 G 3 

0*403 

0.403 

0.3 23 

0.0 

0.0 

327.73 

1.61 

2 . 53 

0.32 

21.9 

44 . 7 


H 5 

3 l 

0.433 

0*242 

0*236 

0. 240 

0*163 

0.100 

0.901 

C .901 

0.901 

0.721 

0.0 

0.0 

322.36 

3.60 

5.60 

0.88 

25.3 

46.9 




TOTALS 


124.0 








EVAP EVAP 


1t_5jQ Cr_L5i 

CM CM 


).0 309. 

).0 304. 

>.0 299.. 

).0 295. 


1 .3 2*2 

).0 232 

).0 276 , 

).0_ 27 2 

).0 271 

).0 270 

) .0 - 2 69 

).0 268 
no 267 

L.J1 26Z 

).0 266 
).0 265 

1.0 265. 

1.0 265 

no 266 


.10 1.89 

.62 1.79 

• 63__ 

.37 1.33 

.44 0.0 

.n r o tn_o_ 

.35 0.0 


...06 a.O- 

.40 0.0 

.80 0.0 
...23,.-— .0-.JQ., 
.23 0.0 

.27 0.0 


0.0 256.69 

0.0 258.04 

,0.0 .■25?^.0fu. 

0.0 256.13 

0.0 255.30 


6.03 0.81 33.9 52.1 

5.79. 0.77 37.9 54.5 

__4.. 86_0j.23 4JU3 5.6. 6_ 

3.49 0.69 43.7 58.0 

3.16 0.67 45.J) 59.3 

2.8 7 Q.65 <7.9 60. 5 

2.63 0.63 49.8' 61.6 

2.43 0.61 51.5 62.7 

JL. 99. 0. 60 5 2 .9 _ 6 3_,i__ 

6.35 0.56 53.0 63.6 

5.93 0.0 * 57.1 66.1 

3.64 0 .0 5 9. 7 1 6 7.6 

1.45 0.0 60.7 68. 2 

1.11 0.0 61.5 68. *7 

0.94 ,0.0 \, ,62.1 6 ,9.0, 

0.93 0.0 62.7 69.4 

0.75 0.0 63.2 69.7 

_Q .6 9 0.0 63.7 7 A. _£L 

0.64 0.0 64.1 70.3 

0.60 0.0 64.5 70.5 

5 7 Q.O -64.9 .. . 7 0. 7 

0.0 0.0 64.9 70.7 

5.56 0.0 64.2 70.3 


3.61 0.0 

1.45 0.0 

jn.9i cnm 

0.94 0.0 

0.83 0.0 


0.0 


0.0 


27.5 63.1 



KSU MODE L 6 FOR ViHEAT OF 1976-76 


POT. SOIL TRAN 
HO NT H ... EV A.P _£VAP_ £ V AP_ 

9 85.29 30.50 0.0 

-IQ _ _ TO. 5 5_U.66 U 23_ 

11 11.23 6.32 2 .79 

12 9.99 2.60 1.19 

_ 1 10.90 6.57 0.53. 

2 39.98 l 1. 36 3. 82 

3 65. 29 22.20 29. 81 

9 9 9.8 ) 19 .25 72 . 5 Q_ 

5 156.72 30.60 129.58 

6 227.26 55.55 29.02 

7 70.70 18. 93, 0 . 0_ 

890.77 215.60 265.76 


A 

.EVAP 

TOTAL 
EVAP 

RAIN 
l N'M ) 

RATIO 

J/.EOl 

TRAN 

EVAP (21 

TOT. 
EVAP I? ) 

RATIO • 
T3/F0(2) 

RATIO 
£T / £0( 2 ) 

. RUNOFF 

DRAINAGE 

0.0 

30.50 

38 . 10 

0.0 

0.0 

30.50 

0 . 0 

9.68 

0.0 

0.0 

0.0 12.90 

__0 . 3 C. 

0.67, 

1.35 

13_^0J 

_ 0.79 


-- -- 0.0 ._ 

OjlD 


0.0 9.06 76.50 3.73 2.91 9.23 

0.0 3.79 11.50 3.37 1.19 3-79 

0.0 _ 7 . 5 0 _ 3.6 0 1.67 1 . Q9 

0.00 15.70 5.10 2.37 3.82 15.70 

0.30 52.32 33.90 8.96 30.09 52.29 

JU&L-i Z •_1 V 8_L5 51. 0 C L3_.J>1 72. 1 2 _ _ 91,36.. 

1.98 157.16 90.30 23.16 123.98 159.58 

C.O 89.60 16. CO 3.51 27.98 33.06 

_0 . 0 18 .93 ;20 .71 J) . 0 * 0.0 18.93 

2.72 989.07 955.51 66.89 263.87 979.97 


2.37 
8.95 
18. 88 
22.56 
3 .70 


12.38 
11.5 8 
JL 2-.JL1 
19.51 
17.09 
J 3 ud 
28.25 
li.OO 


150.23 



8HTS POT • SOIL TRAN 

. MONT H _ EVAP EVAP_E.VAP_ 


A TOTAL RAIN RATIO 
_EVAP ._£ V AP_1___( mL I/.E.CL 


RATIO 


RATIO 


PT -EM 19.69 3.20 0.0 

6 M - JT _ 25 l .93 _ 1 3 . 3 9 7 W 05 _ 
JT — HT 116.19 16.28 99.29 

8T -HD 28.92 5.36 23. C6 

HO. -SO 16 3. 9 1 3 5 . 17 72. 36. 

SD ~RP 75.99 15.97 0.0 

RP-> 190.07 38.93 0.0 


„72. 36. 
0.0 
0.0 


0.0 3.20 1 .'9 C 0.0 

0.31. 199. f 9 .196.10_.28.78.. 
1.12 116.69 190. 9G 20. 59 
0.0 28.92 12.00 9.90 

.1 . 2?__LC8. 82 33 .3Q 12.30. 

0.0 15.97 0.0 0.0 

0.0 30.93 30.11 0.0 


TOT. 770.37 188.30 265.76 2.72 956.77 918.91 66.89 


0.0 

JZ.2Z„ 

99.06 

23.06 


263.87 


30.50 

_J.A5.-6J_ 

115.33 

28.92 
_L09.^I0_ 

15.97 

38.93 


979.97 


0 .0 

_29..5.7_ 

20.35 

9.90 


9.68 

.m.2a 

23.71 

6.00 


0.0 
1 ■>! ~>\ 



150.23 


169.02 289,59 


f| EMERGENCE CATE t UMTS = i.OO D AYS = 7). .10/ 1/75 

h JO I'll 1NG DATE, ( VUS=Z.36 CAXSsJ.57 I 15/.76. 

h RCOTING OATE (BMTS-2.70 DAYS = 27).... 5/12/76 
H HEADING DATE IRMTS-3.00 CAYS= 7).... 5/19/76 

!- •) S QFT_X)QUGH_ D ATE.T 3 O.Q DA.YS.-_ 26 U_J> L\2JJJ>- 

h ft I PE CATE (BMTS’5.00 CAYS= 9) 6/21/76 







